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DATASHEET DESIGNATIONS 


Intel uses various datasheet markings to designate 
each phase of the document 
as it relates to the product. 


The markings appear in the lower inside corner of each datasheet 
page. Following are the definitions 
of 


each marking: 


Datasheet 
Marking 


Product 
Preview 


Description 


Contains 
information 
on products 
in the design phase of development. 
Do not final- 
ize a design with this information ..Revised 
information 
will be published 
when the 
product becomes 
available. 
. 


Contains 
information 
on products 
being sampled 
or in the initial production 
phase 
of development: 


Contains 
preliminary 
information 
on new products 
in production: 


Contains 
information 
on products 
in full production: 


Advance 
Information 


Preliminary 


No Marking 


"Specifications 
within these datasheets 
are subject to change 
without 
notice. Verify with your local Intel sales office that you 
have the latest datasheet 
before finalizing 
a design. 
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MMXTM 
Technology Overview 


INTRODUCTION 


The 
volume 
and complexity 
of data 
processed 
by today's 
personal 
computer 
are increasing 
exponentially, 
placing 
incredible 
demands 
on the microprocessor. 
New communications, 
games 
and "edutainment" 
applications 
feature video, 3D graphics, animation, 
audio and virtual reality, all 
of which demand ever increasing 
levels of performance. 


Intel's MMXTMtechnology 
is designed 
to accelerate 
multimedia 
and communications 
applications. 
The technology 
includes 
new instructions 
and data types that allow applications 
to achieve 
a new 
level of performance. 
It exploits the parallelism 
inherent in many multimedia 
and communications 
algorithms, 
yet maintains 
full compatibility 
with existing operating 
systems and applications. 


MMX technology 
is the most significant 
enhancement 
to the Intel Architecture 
since the Inte1386™ 
processor, 
which extended 
the architecture 
to 32 bits. Processors 
enabled 
with MMX technology 
will deliver 
endugh 
performance 
to execute 
compute-intensive 
communications 
and multimedia 
tasks with headroom 
left to run other tasks or applications. 
They allow software 
developers 
to 
design 
richer, 
more exciting 
applications 
for the Pc. 
The volume 
of MMX 
technology-enabled 
systems 
will grow 
rapidly 
in 1997 as the technology 
is incorporated 
into multiple 
processor 
generations 
from Inte!. 


The definition 
of MMX 
technology 
resulted 
from a joint 
effort between 
Intel's 
microprocessor 


'architects and software developers. 
A wide range of software applications 
was analyzed, 
including 
graphics, 
MPEG 
video, 
music 
synthesis, 
speech 
compression, 
speech 
recognition, 
image 
processing, 
games, video conferencing 
and more. These applications 
were broken down to identify 
the 
most 
compute-intensive 
routines, 
which 
were 
then 
analyzed 
in details 
using 
advanced 
computer-aided 
engineering 
tools. 
The results of 
this extensive 
analysis 
showed many common, 
fundamental 
characteristics 
across these diverse 
software 
categories. 
The key attributes 
of these 
applications 
were: 


• 
S!llall integer data types (for example: 
8-bit graphics pixels, 16-bit audio samples) 


• 
Small, highly repetitive 
loops 


• 
Frequent multiplies 
and accumulates 


• 
Compute-intensive 
algorithms 


• 
Highly parallel operations 


MMX technology 
is designed 
as a set of basic, general purpose 
integer 
instructions 
that can be 
easily applied to the needs of the wide diversity 
of multimedia 
and communications 
applications. 
The highlights of the technology 
are: 


• 
Single Instruction, 
Multiple Data (SIMD) technique 


• 
57 new instructions 


• 
Eight 64-bit wide MMX registers 


• 
Four new data types 


The basis for MMX technology 
is a technique 
called Single Instruction, 
Multiple 
Data (SIMD). 
This 
allows 
many 
pieces 
of information 
to be processed 
with 
a single 
instruction, 
providing 
parallelism 
that greatly increases performance. 
This technology 
combined 
with the lA superscalar 
architecture 
will 
provide 
substantial 
performance 
enhancement 
to the 
PC 
platform. 
MMX 
technology 
is 
integrated 
into 
Intel 
Architecture 
processors 
in 
a 
way 
that 
maintains 
full 
compatibility 
with existing operating 
systems, 
including 
MS DOS*, Windows* 
3.1, Windows 
95, 
OS/2* 
and Unix*. 
In addition, 
the full base of Intel architecture 
software 
will run on MMX 
technology-enabled 
systems. 


MMX 
technology 
was 
defined to be simple. MMX technology 
is general enough to address the 
needs 
of a large 
domain 
of PC applications 
built from 
current 
and future 
algorithms. 
MMX 
instructions 
are not privileged; 
they can be used in applications, 
codecs, algorithms, 
and drivers. 
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Packed word 
Four 16-bit words packed into one 64-bit quantity 


Packed doubleword 
Two 32-bit double words packed into one 64-bit quantity 


Quadword 
One 64-bit quantity 


As an example, graphics pixel data are generally represented 
in 8-bit integers, or bytes. With MMX 
technology, 
eight of these pixels are packed together in a 64-bit quantity and moved into an MMX 


register. When an MMX instruction 
executes, 
it takes all eight of the pixel values at once from the 


MMX register, 
performs 
the arithmetic 
or logical operation 
on all eight elements 
in parallel, 
and 


writes the result into an MMX register. 


• 
• 
• 


Data Types in 64-bit Registers 


Packed 
byte (eight a-bit elements) 


63 
56 55 
48 47 
40 39 


1 
1 
1 
I 


32 31 


I 


24 23 
16 15 
8 
7 
0 
I_I~I~I 


Packed word (four 16-bit elements) 


63 
48~47~ 
~32~3~1 
~16 
15 
0 


1 
~ 
1 
1__ 
1 


Packed doubleword 
(two 32-bit elements) 


63 
32 31 
0 


1'----__ 
1'-------:-_1 
Quadword 
(64-bit element) 
~ 
0 


1 
1 


COMPATIBILITY 


MMX technology 
retains its full compatibility 
with existing operating 
systems and applications 
by 


aliasing 
its registers 
and state upon the lA floating-point 
registers 
and state. Therefore, 
no new 
registers 
or states are added to support MMX technology. 
This means that the operating 
system 
uses the standard mechanisms 
for interacting 
with the floating point state to save and restore MMX 


code. For example, during a task switch, the operating 
system would use an FSA V and FRSTR to 
preserve either floating point or MMX code. 
Aliasing the MMX state upon the floating-point 
state 
does not preclude 
applications 
from executing 
both MMX technology 
routines 
and floating point 


routines. 


Floating-point 
instructions 
that save/restore 
the floating-point 
state also handle the MMX state (for 


example, 
during context switching). 
The same techniques 
used by the floating-point 
architecture 
to 
interface 
with the operating 
system 
are used by MMX 
technology. 
MMX 
technology 
does not 


introduce 
any 
new 
exception 
or state 
information, 
so today's 
operating 
systems 
can 
enable 
applications 
using MMX instructions. 
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DETECTING THE PRESENCE OF MMXTM TECHNOLOGY 


Detecting 
the existence 
of MMX technology 
on an Intel microprocessor 
is done by executing 
the 
CPUID 
instruction 
and checking 
a -set bit. 
This 
gives 
software 
developers 
the flexibility 
to 
determine 
the specific code in their software to execute. During install or run time the software can 
query the microprocessor 
to determine 
if MMX technology 
is supported 
and install or execute the 
code that includes, or does not include, MMX instructions 
based on the result. 


INSTRUCTIONS 


The MMX instructions 
cover several functional 
areas including: 


• 
Basic arithmetic 
operations 
such as add, subtract, multiply, arithmetic 
shift and multiply-add 


• 
Comparison 
operations 


'. 
Conversion 
instructions to convert between 
the new data types - pack data together, and 
unpack from small to larger data types 


• 
Logical operations such as AND, AND NOT,OR, 
and XOR 


• 
Shift operations 


• 
Data Transfer 
(MOV) instructions 
for MMX register-to-register 
transfers, 
or 64-bit and 32-bit 
load/store 
to memory 


Arithmetic 
and logical instructions 
are designed 
to support the different packed integer data types. 
These instructions 
have a different 
op code for each data type supported. 
As a result, 
the new 
MMX technology 
instructions 
are implemented 
with 57 op codes. 


MMX technology 
uses general-purpose, 
basic instructions 
that are fast and are easily assigned 
to 
the 
parallel 
pipelines 
in Intel 
processors. 
By 
using 
this 
general-purpose 
approach, 
MMX 
technology 
provides performance 
that will scale well across current and future generations 
of Intel 
processors. 
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MMXTM Instruction Set Summary 


The 
instructions 
and 
corresponding 
mnemonics 
in the table 
below 
are 
grouped 
by function 
categories. 


If an 
instruction 
supports 
multiple 
data 
types-byte 
(B), 
word 
(W), 
doubleword 
(DW), 
or 
quadword 
(QW), the datatypes 
are listed in brackets. 
Only one data type may be chosen 
for a 
given 
instruction. 
For example, 
the base 
mnemonic 
PADD 
(packed 
add) 
has 
the following 
variations: 
PADDB, 
PADDW, 
and PADDD. 
The number 
of opcodes 
associated 
with each base 
mnemonic 
is listed. 


Number 
of 
Different 


Category 
Mnemonic 
Opcodes 
Description 


Arithmetic 
PADD[B,W,D] 
3 
Add with wrap-around 
on [byte, word, doubleword] 


PADDS[B,W] 
2 
Add signed with saturation 
on [byte, word] 


PADDUS[B,W] 
2 
Add unsigned 
with saturation 
on [byte, word] 


PSUB[B,W,D] 
3 
Subtraction 
with wrap-around 
on [byte, word, double word] 


PSUBS[B,W] 
2 
Subtract signed with saturation 
on [byte, word] 


PSUBUS[B,W] 
I 
2 
Subtract unsigned 
with saturation 
on [byte, word] 


PMULHW 
I 
Packed multiply high on words 


PMULLW 
I 
Packed multiply 
low on words 


PMADDWD 
I 
Packed multiply on words and add resulting 
pairs 


Comparison 
PCMPEQ[B,W,D] 
3 
Packed compare 
for equality 
[byte, word, doubleword] 


PCMPGT[B,W,D] 
3 
Packed compare 
greater than [byte, word, doubleword] 


Conversion 
PACKUSWB 
I 
Pack words into bytes (unsigned 
with saturation) 


PACKSS[WB,DW] 
2 
Pack [words into bytes, doublewords 
into words] 


(signed with saturation) 


PUNPCKH 
3 
Unpack (interleave) 
high-order 


[BW,WD,DQ] 
[bytes, words, doublewords] 
from MMX"" register 


PUNPCKL 
3 
Unpack (interleave) 
low-order 


[BW,WD,DQ] 
[bytes, words, doublewords] 
from MMX register 


Logical 
PAND 
I 
Bitwise AND 


PANDN 
I 
Bitwise AND NOT 


POR 
I 
BitwiseOR 


PXOR 
I 
BitwiseXOR 


Shift 
PSLL[W,D,Q] 
6 
Packed shift left logical [word, doubleword, 
quad word] by 


amount specified 
in MMX register or by immediate 
value 


PSRL[W,D,Q] 
6 
Packed shift right logical [word, doubleword, 
quadword] 
by 


amount specified 
in MMX register or by immediate 
value 


PSRA[W,D] 
4 
Packed shift right arithmetic 
[word, doubleword] 
by 


amount specified 
in MMX register or by immediate 
value 


Data Transfer 
MOV[D,Q] 
4 
Move [doubleword, 
quadword] 
to MMX register or from 


MMX register 


FP 
& 
MMX 
EM MS 
I 
Empty MMX state 
State Mgmt 
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Instruction 
Examples 


The following 
section will describe briefly five examples of MMX instructions. 
For illustration, 
the 


data type shown in this section will be the 16-bit word data type; most of these operations 
also exist 


for 8-bit or 32-bit packed data types. 


The following 
example shows a packed add word with wrap around. 
It performs 
four additions 
of 


the eight, 
16-bit elements, 
with each addition 
independent 
of the others and in parallel. 
In this 
case, the right-most 
result exceeds 
the maximum 
value representable 
in 16-bits-thus 
it wraps- 


around. This is the way regular lA arithmetic 
behaves. 
FFFFh + 8000h would be a 17 bit result. 


The 17th bit is lost because of wrap around, so the result is 7FFFh. 


a3 
a2 
al 
FFFFhl 
+ 
+ 
+ 
+ 
b3 
b2 
bI 
8000h I 


a3+b3 
a2+b2 
al+bl 
7FFFhl 


PADD[W]: 
Wrap-around 
Add 


The following 
example 
is for a packed add word with unsigned 
saturation. 
This example uses the 
same data values from before. The right-most 
add generates 
a result that does not fit into 16 bits; 


consequently, 
in this case saturation 
occurs. 
Saturation 
means that if 
addition results in overflow 


or subtraction 
results 
in underflow, 
the result 
is clamped 
to the largest 
or the smallest 
value 
representable. 
For an unsigned, 
16-bit word, the largest and the smallest representable 
values are 


FFFFh and OxOOOO;for a signed word the largest and the smallest representable 
values are 7FFFh 


and Ox8000. This is important 
for 
pixel calculations 
where this would prevent a wrap-around 
add 


from 
causing 
a black 
pixel 
to suddenly 
turn white 
while, 
for example, 
doing 
a 3D graphics 
Gouraud shading loop. 


a3 
a2 
al 
FFFFhl 


+ 
+ 
+ 
+ 
b3 
b2 
bl 
8000h I 


a3+b3 
a2+b2 
al+bl 
FFFFhl 


PADDUS[W]: 
Saturating 
Arithmetic 


The specific instruction 
here is Packed Add Unsigned 
Saturation 
Word (PADDUSW). 
A complete 


set of ADD 
operations 
exists 
for signed 
and unsigned 
cases .. 
The number 
FFFFh, 
treated 
as 
unsigned (65,535 decimal), 
is added to Ox8000 unsigned (32,768), and the result saturates to FFFFh 


- the largest representable 
unsigned 
16-bit value. 


There is no "saturation 
mode bit" as a new mode bit would require 
a change 
to the operating 


system. Separate instructions 
are used to generate wrap-around 
and saturating results. 


The next example 
shows the key instruction 
used for multiply-accumulate 
operations, 
which are 
fundamental 
to many signal processing 
algorithms 
like vector-dot-products, 
matrix multiplies, 
FIR 
and HR Filters, FFTs, DCTs etc. This instruction 
is the packed multiply add (PMADD). 
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The PMADD 
instruction 
starts from a 16-bit, packed data type and generates 
a 32-bit packed, data 


type result. 
It multiplies 
all the corresponding 
elements 
generating 
four 32-bit results, 
and adds 


the two products 
on the left together 
for one result and the two products 
on the right together 
for 


the other result. To complete 
a multiply-accumulate 
operation, 
the results would then be added to 
another register which is used as the accumulator. 


The following 
example is a packed parallel compare. 
This example 
compares 
four pairs of 16-bit 


words. 
It creates a result of true (FFFFh), or false (OOOOh).This result is a packed mask of ones for 


each true condition, 
or zeros for each false condition. 
The following 
example shows an example of 
a compare 
"greater than" on packed word data. There are no new condition 
code flags, nor are any 
existing lA condition code flags affected by this instruction. 


23 
45 
16 
34 
gt? 
gt? 
gt? 
gt? 


31 
7 
16 
67 
I 


OOOOh 
FFFFh 
OOOOh 
OOOOh 
I 
PCMPGT[W]: 
Parallel Compares 


The packed compare 
result can be used as a mask to select elements 
from different 
inputs using a 
logical operation, 
eliminating 
the need for a branch or a set of branch instructions. 
The ability to do 
a conditional 
move instead of using branch instructions 
is an important 
performance 
enhancement 


in advanced 
processors 
that have deep pipelines 
and employ branch prediction. 
A branch based on 
the result of a compare 
operation 
on the incoming 
data is usually difficult 
to predict, 
as incoming 
data in many cases can change 
randomly. 
Eliminating 
branches 
that are used to perform 
data 
selection 
by using the conditional 
select capability, 
together 
with the parallelism 
of the MMX 
instruction 
set, is an important performance 
enhancement 
feature of the MMX technology. 


The following 
is an example 
of a pack instruction. 
It takes four 32-bit values and packs them into 
four 16-bit values, performing 
saturation 
if one of the 32-bit source values does not fit into a 16-bit 
result. There are also instructions 
that perform 
the opposite 
- unpack, 
for example, 
a packed 
byte 


data type into a packed word data type. 


PACKSS[DW]: 
Pack Instruction 


1998 Pentiu~ 
Processor Databook 


MMXTM 
Technology Overview 


The pack and unpack instructions 
exist to facilitate conversion 
between the new packed data types. 
These 
are especially 
important 
when 
an algorithm 
needs 
higher 
precision 
in its intermediate 
calculations, 
as in image 
filtering. 
A filter 
on an image 
usually 
involves 
a set of multiply 
operations 
between 
filter 
coefficients 
and a set of adjacent 
image 
pixels, 
accumulating 
all the 
values together. 
These multiplies 
and accumulations 
need more precision 
than 8-bits, the original 
data type of the pixels. 
The solution 
is to unpack 
the image's 
8-bit pixels 
into 
16-bit words, 
perform 
the calculations 
in 16-bit words without 
concern 
for overflow, 
then pack back to 8-bit 
pixels before storing the filtered pixels to memory. 


APPLICATION 
EXAMPLES 


The following 
section 
describes 
example 
uses of the MMX 
instruction 
set to implement 
basic 
coding structures: 


Conditional 
Select 


Multimedia 
applications 
must process large sets of data. In some cases there is a need to select the 
data based on a condition 
query performed 
on the incoming 
data. Intel has been able to improve 
performance 
in its family of processors 
by implementing 
micro-architectural 
features 
for increased 
performance 
and deeper pipelines. 
Branch prediction 
is an important 
part of making the pipelines 
run efficiently, 
as a misprediction 
can cause the pipelines 
to flush and degrade performance. 
The 
following 
example shows an efficient way to reduce the need to use branch instructions, 
especially 
those that are data dependent, 
and thus very difficult 
to predict. 
The Chroma 
Keying 
example 
demonstrates 
how 
conditional 
selection 
using 
the MMX 
instruction 
set removes 
branch 
mis- 
predictions, 
in addition 
to performing 
multiple 
selection 
operations 
in parallel. 
Text overlay on a 
graphics/video 
background, 
and sprite overlays 
in games 
are some of the other operations 
that 
would benefit from this technique. 


Chroma Keying 


Most have seen the television 
weather 
man overlaid 
on the image 
of a weather 
map. 
In this 
example 
we use a green screen to overlay 
an image of a woman on a picture 
of spring blossom. 
We'll 
illustrate .this example 
by processing 
four 
16-bit pixels 
in parallel. 
The instructions 
also 
allow 
the processing 
of eight 
8-bit 
pixels 
in parallel 
for a substantial 
performance 
speed-up 
potential. 


+ 
-- 


First we'll take four pixels from the picture with the woman on a green background. 
The top row 
of the data below represents 
pixels that alternate 
between 
green, not green, green, and not green. 
The compare instruction 
builds a mask for that data. 
That mask is a sequence of words that are all 
ones or all zeros representing 
the Boolean 
values of true and false. 
We now know what is the 
unwanted background 
and what we want to keep. 
This is shown below using a shadow picture. 
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IX3=green 


I 
green 


IX4!::green 
1 
I 
--:----.J- 
_ 


I 
green 
1 
pcmpeqw 


IX1::green 


I 
green 


1X2!::green 


I 
green 


bitmask 


4 pixeVcycle 
I OxFFFF 
I 0x0000 
I OxFFFF I 0x0000 1'- 


This mask is now used on the same four pixels from the picture with the woman and the equivalent 
four pixels from the Spring blossom. 
The 
"AND NOT' and "AND" 
instructions 
use the mask to 
identify 
which 
pixels 
to keep 
from 
the Spring 
blossom 
and the woman. 
They 
also turn 
the 
unwanted 
pixels to zeros. 
The "OR" instruction 
builds the final picture. Four pixels were mapped 
using only four MMX instructions 
without any branches. 


In working 
through 
this example, 
the PANDN 
instruction 
inverts 
all the bits in mask 
before 
applying the AND operation. 


pandn ~--~----~----~--~ 


~ 
0x0000 l0xFFFF I 0x0000 I 


pand~ 
Y3 
I 
Y4 
I 


~ I0x0<XXl I 
X2 I0""",, I X4 I) 


par I 
Y1 
I 0x0000 I 
Y3 
I 0x0000 I 
I 
Y1 
I 
X2 
I 
Y3 
I 
X4 
I 


.. 


Without 
MMX technology, 
each pixel is processed 
separately 
and requires 
a conditional 
branch. 


Using 
MMX 
instructions, 
eight 
8-bit 
pixels 
can be processed 
in parallel 
and 
no conditional 


branches are involved. 


Vector Dot Product 


The vector dot product is one of the most basic algorithms 
used in signal-processing 
of natural data 
such 
as images, 
audio, 
video 
and 
sound. 
The 
following 
example 
shows 
how 
the 
PMADD 
instruction 
helps speed 
up algorithms 
using 
vector 
dot products. 
The PMADD 
instruction 
will 
handle four multiplies 
and two additions 
at a time. Coupled with a PADD instruction, 
as described 
before, eight multiply-accumulate 
operations.are 
performed. 
These eight element 
vectors fit nicely 
into two PMADD instructions 
and two PADD instructions. 


Assuming 
that the precision 
supported 
by the PMADD 
instruction 
is sufficient, 
this dot-product 
example 
on 
eight-element 
vectors 
can 
be completed 
using 
eight 
MMX 
instructions: 
Two 


PMADDs, 
two more PADDs, two shifts (if needed to fix the precision 
after the multiply operation), 


and two memory 
moves 
to load one of the vectors 
(the other vector 
is loaded 
by the PMADD 
instruction 
which can have one of its operands come from memory). 
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Paddd 
~~ 
__ ~I 
~~I 
I 
I 
__ 
t__ 
1I'---_t_-----' 


Accumulator 


Note: 
Input data and coefficients 
are 16-bit precision. 
If not, first unpack to 16 bit. 


Comparing 
instruction 
counts 
with and without 
MMX 
technology 
for this operation 
yields 
the 
following: 


Number 
of Instructions 
without 
Number 
of 
MMXTM Technology 
MMX Instructions 


Load 
16 
4 


Multiply 
8 
2 


Shift 
8 
.-. 
- 
~ 
2 


Add 
7 
I 


Miscellaneous 
- 
3 
- 


Store 
I 
I 


Total 
40 
13 


With MMX technology, 
one third of the number of instructions 
is needed. 


Most MMX instructions 
can be executed 
in one clock cycle, so the performance 
improvement 
will 
be more dramatic than the simple ratio of instruction 
counts. 


Matrix Multiply 


Exciting new 3D games are coming to market every day. 
Typically, 
computations 
that manipulate 
3D objects are based on 4-by-4 matrices that are multiplied 
with four element vectors many times. 
The vector 
has the X,Y, Z and perspective 
corrective 
information 
for each pixel. 
The 4-by-4 
matrix 
is used to rotate, scale, translate and update the perspective 
corrective 
information 
for each 
pixel. 
This 4-by-4 matrix is applied to many vectors. 
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Rotate & Scale 
Translate 


x' 
. 


1 
1 b~ 
b: 
11 b3 
y' 
bl 
- 
Z' 
I 
~ 
Cl 


I 
W' 


x 


y 


z 


1 


Perspective 
, 
X =aOx+a1y+a2z+a3 


Applications 
which already use 16-bit integer or fixed-point 
data are able to make extensive 
use of 
the PMADD 
instruction. 
There would be one PMADD instruction 
per row in the matrix, for a total 


of four. Comparing 
instruction 
counts with and without MMX technology 
for this operation 
yields 
the following: 


Number 
of Instructions 
without 
Number 
of 
MMX'" 
Technology 
MMX instructions 


Load 
32 
6 


Multiply 
.. 
- - 
16 
4 


Add 
12 
2 


Miscellaneous 
8 
12 


Store 
4 
4 


Total 
72 
28 


With MMX technology, 
less than one half of the number of instructions 
without MMX technology 
is needed. 


24-Bit Color 


The MMXinstruction 
set offers graphical 
applications 
the opportunity 
to move from 8-bit or 16-bit 
color lookup table to 24-bit, or "true" color, a feature which will greatly enhance 
the realism of a 
game's 
graphics. 
In many cases, this can be done in the same amount 
of time that is currently 
required 
for 
8-bit graphics. 
For 24-bit and 32-bit colors, red, green and blue are each represented 
by 8-bit values. There are eight additional bits in 32-bit color for alpha value. 
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Image 
compositing 
and alpha 
blending 
are operations 
that can be performed 
on 24-bit 
color 
images. 


alpha 


Value from 0 to 255 


Image Representation 
R 


Image Dissolve Using Alpha Blending 


This example 
shows 
how the MMX 
instruction 
set will speed 
up image 
compositing. 
In this 
example, 
a flower will dissolve into a swan. 
The screen starts with a picture of the flower. 
As the 
flower gradually fades away, the swan gradually 
appears. 


The math for the dissolve 
is a straight-forward 
function. 
Alpha 
determines 
the intensity 
of the 
flower. 
At full intensity, 
the flower's 
8-bit alpha value is FFH, or 255. 
By plugging 
255 in the 
dissolve equation, 
each flower pixel is 100 percent and each swan pixel is 0 percent. 
The equation 
below calculates 
each pixel: 
. 


Result_pixel = Flower_pixel 
* (alpha/255) 
+ Swan_pixel 
* [1 - (alpha/255)] 


Illustrated 
below are the flower and swan when alpha = 230: 


* 2301255+ 
* 1- 230/255 = 


When the alpha value is 230, the resulting 
picture is 90 percent flower and 10 percent 
swan. 
On 
close examination, 
some of the swan image appears in the picture to the right of the equal sign. 


This example 
assumes 
that the 24-bit color data is organized 
so that four pixels 
at a time are 
processed 
from one color plane, that is, the image is separated 
into individual 
color planes: one for 
red, one for green, one for blue. 
The first four red values from the flower and the swan will be 
processed 
first. 
After finishing the red plane, the processing 
moves to the green and blue planes. 
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The unpack instruction 
takes the first four bytes of the red data that are represented 
in 8-bit values 


and unpacks each pixel into 16-bit elements, 
putting them into a 64-bit MMX register. 
The alpha 
value, which is computed 
once per frame, 
is the other operand. 
The PMUL 
multiplies 
the two 
vectors 
in parallel. 
Similarly, 
an unpack 
and PMUL create the intermediate 
result for the swan. 


Now the two intermediate 
results are added together 
using a PADD and the final result is sent to 


memory 
using a PACK that converts 
the intermediate 
16-bit values back to 8-bit pixel values that 
can be stored. 


Flower 


.. . . 


•••••••••••••'~. 
. I 


Swan· 


G 
R 


Same operation 
on image B 
with (1 - alpha (A)) 


1 
1r3 1r2 1 r1 1 rOI 
Unpack 
...----:r3:-r1--r2-=-J 
r1 1 
rOI 


90% I 
90% 1 
90% I 
90% 


90 *r1 190 * rO 
10 * r31 10 *r2 I 
10 *r1 I 10 * rO I 
.,--- 
I new rO I 


Add 
I new r31 
new r2 I new r1 


Pack 
+--Ir---r--r-"'-r-----.@:RJ 
r1 I rOI 


Computations 
are done per 
color plane. 
4 pixels are computed 
in 
parallel. 


If these images use 640X480 
resolution, 
and the dissolve technique 
uses all 255 steps of the alpha 


value, 
then 
117 million 
PUNPCKs 
and PMULs, 
and 58 million 
PADDs 
and PACKs 
are used. 


Comparing 
instruction 
counts 
with and without 
MMX 
technology 
for this operation 
yields 
the 
following: . 


Number 
of Instructions 
Calculation 
withoutMMX 
Number 
of MMX 


Operation 
without 
MMX'"" Technology 
Technology 
Instructions 


Load 
(640*480)*255*3*2 
470 million 
117 million 


Unpack 
- 
- 
117 million 


Multiply 
(640*480)*255*3*2 
470 million 
117 million 


Add 
(640*480)*255*3 
235 million 
58 million 


Pack 
- 
- 
58 million 


Store 
(640*480)*255*3 
235 million 
58 million 


Total 
1.4 billion 
525 million 


Almost 
1 billion fewer instructions 
are used in this example. 


The 
dissolve 
technique, 
sometimes 
called 
combine, 
is one of several 
commonly 
used 
image 
compositing 
techniques 
used in multimedia 
applications 
and can be sped up substantially 
with 


MMX technology. 
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Alpha blending is a technique 
used by game developers 
that is similar to image compositing. 
Alpha 
blending 
allows race cars to drive realistically 
through fog or smoke, allows a more realistic 
view 
of fish in water, or a rabbit in a translucent 
tube. 
In these examples, 
the alpha values wouldn't 
necessarily 
be the same for the whole frame, but the basic concept remains the same. 


SUMMARY 


MMX 
technology 
brings 
more 
power 
to multimedia 
and communication 
applications. 
MMX 
technology 
adds new data types and instructions 
that can process data in parallel. MMX technology 
is fully compatible 
with existing operating 
systems and application 
software. 


MMX technology 
brings a step improvement 
to the PC platform 
and enables new applications 
and 
usage 
of PCs. It helps establish 
a new paradigm 
in the industry 
with the PC as an improved 
communications 
and multimedia 
device. Systems enabled with MMX technology 
will ramp in high 
volume in 1997 as Intel incorporates 
the technology 
in multiple processor 
generations. 


RELATED DOCUMENTATION 


. Refer to the following documentation 
for more information 
on MMX technology. 


• 
Intel Architecture 
MMXTMTechnology 
Developers' 
Manual (Order Number 243013) 


• 
Intel 
Architecture 
MMXTM Technology 
Programmer's 
Reference 
Manual 
(Order 
Number 
243007) 


Refer to Intel's corporate 
website for the latest information 
on related documentation: 


http://www.intel.com/ 
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EXECUTIVE SUMMARY 


MMXTM technology 
is Intel's 
most significant 
enhancement 
to the Intel Architecture 
in the last 
10 years, and will enhance 
the perform~nc~ 
of 
complex 
media-intensive 
and commumcanons 
applications 
and 
enable 
new 
features 
and 
capabilities. 
MMX technology 
will have a l.ong- 
term 
effect 
on 
mainstream 
business 
applications, 
especially 
as 
they 
~ontinu~ 
to 
provide richer content. This trend WIll contmue, 
and is being 
accelerated 
in large 
part 
by the 
mass 
move 
to 
Internet 
and 
Intranet 
technologies, 
and the inherently 
rich graphics- 
and 
media-intensive 
nature 
of 
these 
environments. 


MMX 
technology 
embodies 
new 
instructions 
and 
data 
types. 
These 
instructions 
and 
data 
types can be used by any type of softw~re, 
not 
just multimedia 
applications. 
Compression 
and 
decompression 
of 
files 
and/or 
rich 
content, 
graphical 
editing 
and 
manipulation, 
and 
complex 
file 
conversions 
are 
examples 
of 
common 
software functionality 
that will benefit 
from MMX technology. 
MMX technology 
will 
improve 
file 
transfer 
rates 
and 
net~ork 
performance 
by 
enabling 
faster 
compression, 
decompression 
and 
smaller 
file 
sizes. 
Intel 
disclosed details about MMX technology 
over a 
year ago. Microsoft, 
Adobe, 
and other leading 
developers 
have 
invested 
significant 
resources 
optimizing 
applications 1 
with 
~MX 
technology. 
Existing 
mainstream 
business 
applications 
are 
being 
revised 
with 
MMX 
technology 
additions 
and 
several 


.announcements 
are expected shortly. 


The benefits of MMX technology 
will continue 
to become 
widespread 
as more applications 
are 
designed 
to take advantage 
of this technology. 
MMX 
technology 
provides 
more 
productive 
environments, 
the 
ability 
to 
run 
more 
applications 
at one 
time, 
and prevents 
users 
from being bandwidth-limited 
on their systems, 
saving money in the long run. Software 
ranging 
from 
office 
applications 
to 
Internet/lntranet 
applications 
will 
run 
faster. 
For 
small 
businesses, 
MMX 
technology 
increases 
productivity 
with higher 
performance 
systems 


Microsoft 
Internet 
Explorer*, 
Netshow*, 
NetMeeting* 
and 
Adobe 
Photoshop*, 
PhotoDeluxe* 
and 
several 
other 
MMXTM 
technology-optimized 
examples 
are discussed 
ahead. 
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for in-house development, 
reducing 
the need for 
expensive 
outsourcing. 
Across 
the 
bo~d, 
for 
large 
corporations 
and 
small 
businesses, 


purchasing 
MMX 
technology-based 
systems 
today 
prepares 
your 
user 
base 
for the future, 
extends 
the lifecycle 
of PCs by providing 
the 
performance 
headroom 
for future 
applications, 
and reduces long-term capital costs. 


By 
accelerating 
basic 
underlying 
operations 
(details 
below), 
MMX 
technology 
can yield 
a 
significant 
performance 
improvement, 
as in the 
7x 
improvement= 
experienced 
by 
image 
processing 
applications. 
Intel 
first 
introduced 
the Pentiumw processor 
with MMX technology 
and 
will 
continue 
to 
incorporate 
MMX 
technology 
into 
all 
future 
Intel 
Architecture 
microprocessors. 
The 
Pentium 11 
processor, 
targeted at business desktop users, combines 
the 
Pentium Pro processor's 
32-bit architecture 
with 
MMX 
media 
enhancement 
technology 
and 
systems 
are expected 
in the second 
quarter 
of 
1997. 
Overall 
scores 
on 
the 
Intel 
Media 
Benchmark 
with 
the 
266 MHz 
Pentium 11 
processor 
with MMX technology 
show a 225%3 
increase over the 200 MHz Pentium processor. 


400~--------------------------, 
350 
300 
250 
200 
150 
100 
50 
o 
IIPentium(R) 
Processor 
200MHz 
11 Pentium 
Processor 
with 
MMX(TM) 
Technology 
200MHz 
11 Pentium 
Pro Processor 
200MHz. 
256KB 
L2 
11 Pentium 
11Processor 
233MHz. 
512KB 
L2 


.Pentium 
11Processor 
266MHz. 
512KB 
L2 


Those 
in a position 
to specify 
and purchase 
systems for use with Internet technology 
need to 
look forward 
as they deploy 
the next wave of 
information 
systems. 
By 
mid-1998, 
all 
Intel 
microprocessors 
for PCs will incorporate 
MMX 
technology. 
To provide 
the most 
performance 
headroom 
for 
the 
future, 
corporations 
should 


~ Based 
on the score improvement 
for Image 
Processing 
in the 
Intel Media 
Benchmark. 


See Appendix A for details. 


See Appendix 
A for 
details 
and 
selected 
individual scores. 
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evaluate 
and 
qualify 
new 
MMX 
technology- 


based systems. 
Although 
this 
white 
paper 
cannot 
cover 
all 


software vendor efforts underway, it discusses: 


• 
How 
MMXTM technology 
delivers 
higher 


performance 


• 
Where this technology 
applies 
to business 


applications, 
and 


• 
Examples 
of 
optimized 
applications 


available today. 


Three 
appendices 
detail 
tools, performance 


benchmarks and additional technical details. 


INTEL MMXTM 
TECHNOLOGY 
OVERVIEW 


The 
definition 
of 
MMX 
technology 
resulted 


from 
a 
focused 
joint 
effort 
between 
Inters 


microprocessor 
architects 
and developers 
from 


leading 
software 
companies. 
A wide 
range 
of 


software 
applications 
were analyzed, 
including 


graphics, 
audio 
and 
video, 
compression 
and 


decompression 
algorithms, 
speech 
recognition, 
image 
processing, 
conferencing 
and 
others. 


Advanced 
computer-aided 
engineering 
tools 


were 
used 
to 
identify 
the 
most 
compute- 


intensive 
routines. 
Despite 
the 
diversity 
of 


applications, 
the 
analysis 
revealed 
several 


underlying 
commonalties. 
Many 
algorithms 


used multiple 
repetitive 
loops and operated 
on 


small 
data 
quantities. 
While 
these 
loops 


occupied 
less 
than 
10% 
of 
the 
overall 


application 
code, they accounted 
for up to 90% 
of the execution 
time. These 
analyses 
fed the 


design 
of MMX 
technology, 
which 
boosts 
the 


performance 
of 
these 
frequently 
executed 


common 
functions 
with 
new 
instructions 
and 


enhanced hardware execution capabilities. 


New 
MMX 
technology 
instructions 
allow 


several small data quantities 
to be concatenated 


into a single 
larger 
quantity, 
permitting 
rapid; 


parallel 
computations 
on 
multiple 
data 


quantities 
at 
once. 
For 
example, 
graphics 


information 
is commonly 
represented 
in small, 
8-bit, 
byte-sized 
quantities. 
Previously, 


manipulating 
8 bytes of graphics data required 
8 


repetitions 
of a single 
instruction. 
The 
same 


manipulation 
can 
now 
be 
performed 
with 
a 


single 
MMX 
technology 
instruction, 
operating 


on all 8 bytes simultaneously. 
The result: an 8x 


improvement 
in execution 
time. 
This 
speedy, 


parallel 
processing 
of combined 
data quantities 


is termed 
the Single 
Instruction 
Multiple 
Data 
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(SIMD) 
model, 
in contrast 
to the older, 
less- 
efficient 
scheme 
where 
a 
single 
instruction 
operated 
on a single piece of data. To provide 


maximum 
flexibility, 
57 new 'MMX technologl 


instructions' 
and 4 new data types were added. 


These features result in many more calculations 
performed 
for each clock cycle of the processor, 


yielding 
faster 
execution 
times 
and 
higher 
performance>. 


To 
accelerate 
the 
adoption 
of 
this 
advanced 
technology, 
the 
Intel 
Architecture 
MMX 


technology 
instruction 
set 
was 
designed 
and 
implemented 
in a transparent 
way that requires 


no changes to existing operating systems. 


NOTE 


All 
existing 
software 
continues 
to 
run 


correctly, 
without 
modification, 
on Intel 


microprocessors 
that 
incorporate 
MMX 


technology. 


MMXTMTECHNOLOGY'S 
KEY 


, BUSINESS BENEFITS: 


PERFORMANCE 
AND 


APPLICATION 
VIABILITY 


MMX 
technology 
brings 
several 
tangible 


benefits 
to business 
users. These 
benefits 
span 
the spectrum 
of increasing 
overall 
application, 


system, and network performance, 
to expanding 


and 
bringing 
more 
power 
to 
the 


InternetlIntranet, 
to 
making 
innovative 
new 
media-rich 
and 
communications 
applications 
viable in mainstream 
business. 


MMXTM Technology 
Benefits 
Application, 
System and Network 
Performance 


The 
powerful 
parallelism 
inherent 
in 
MMX 


technology 
permits 
highly 
efficient 
processing 


and reduced 
processor 
utilization 
for compute- 


intensive 
tasks on large data files (common 
in 
image, 
audio/video 
data, 
etc.) 
without 


sacrificing 
system performance. 
This unleashes 


processing 
power 
for 
other 
concurrent 
or 


., See Appendix B for more technical details. 


.\ See Appendix 
A for performance 
benchmark 


details. 
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background 
activities 
like network 
operations. 
For 
example, 
while 
an 
image 
is 
being 
decompressed 
with the aid of MMX technology, 
or downloaded 
from the web, other applications 


can 
execute 
in 
parallel 
without 
degraded 


performance. 
Not 
only 
does 
this 
increase 


application 
and overall system performance, 
but 


network 
performance 
is enhanced, 
since 
the 


processor now has more time to service network 
requests while executing 
multiple host or server 
(and therefore network-serviced) 
applications. 


Rapid compression 
and smaller file sizes due to 


improved 
compression 
ratios combine to reduce 


network 
traffic 
even 
further, 
benefiting 
all 


network 
users. This also benefits mobile laptop 


users using 
modems 
by reducing 
file transfer 


time, 
connect-time 
and 
storage 
space 


requirements. 
Reduced 
processor 
utilization 
by 


an application 
lets all users experience 
faster 


system and network response 
times. As a result, 
users become more productive 
since they spend 


less time waiting on compute-intensive 
tasks. In 


the' future, 
Accelerated 
Graphics 
Port 
(AGP) 


technology 
,will 
further 
enhance 
MMX 


technology-based 
3D graphics performance .. 


MMXTMTechnology 
Makes New 
Business Applications 
Viable 


MMX technology 
benefits 
were never intended 


to be restricted 
to a handful 
of applications. 
Instead, 
Intel designers 
focused on accelerating 


the basic 'nuts and bolts' 
functions 
required 
by 


a very 
wide 
array 
of 
software. 
This 
allows 
MMX technology 
to improve 
the performance 


of a diverse 
range 
of applications. 
Many 
of 


these 
applications 
are 
directly 
tied 
to 
new 


capabilities 
in business 
software, 
especially 
in 


Internet! 
Intranet 
applications. 
Some examples 


where MMX technology 
is expected to have the 


greatest impact are: 


• 
Audio 
and 
video-enabled 
applications 
in 


web plug-ins, 
interactive 
training, customer 


self-service, 
real-time 
audio 
and 
video 


streaming 'and videoconferencing 


• 
High-performance 
image 
processing, 
3D 


graphics 
and 
data 
visualization, 
web 


publishing 
and content creation 


• 
Intelligent 
content-based 
searches 
of large 


graphics, audio and video databases 
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• 
viewing 
and 
CAD/CAM 
model 


manipulation 


Security 
applications, 


detection, 
face/fingerprint 


watermarking 
technology 


Intranet-based 
employee 
training, 
for example, 


a 
natural 
extension 
of 
traditional 
computer- 
based training, 
is enhanced 
by audio and video 


components 
where 
MMX 
technology 
vastly 


improves 
the 
performance 
of 
underlying 


compression, 
decompression 
and 
playback 
algorithms. 
The resulting 
richer training content 
keeps 
audiences 
interested, 
leading 
to 
more 


effective training and retention. 


• 
video 
scene 
recognition 
and 


Standard office suites and presentation 
software 


will 
benefit 
from 
MMX 
technology 
when 


integrating 
high 
quality 
graphic 
images 
or 


audio/video 
components 
into 
documents 
and 


presentations 
for 
greater 
impact. 
Industry 
analysts 
often 
point 
to 
the 
proliferation 
of 


media-rich 
business 
applications, 
which 
is 


precisely 
where MMX technology 
will best be. 


applied. 


MMXTMTECHNOLOGY 
IN 


BUSINESS APPLICATIONS: 
CATEGORIES AND 
EXAMPLES 


Imaging Application 
Acceleration 


with MMXTMTechnology 


The Intel Media Benchmark6 
shows that MMX 


technology-optimized 
imaging 
applications 


experience 
exceptional 
gains in performance: 
a 


266 MHz 
Pentium 11 processor 
delivers 
over 
seven 
times 
the 
performance 
of 
a 200 MHz 


Pentium processor on the imaging component 
of 


this benchmark. 
The exploding 
use of images in 
business 
presentations, 
sales collateral, 
product 
catalogs, 
brochures, 
newsletters 
and publishing 


requires 
efficient 
image 
management 
and 


manipulation 
tools. 
Existing 
tools 
can 
efficiently 
search, 
sort 
and 
operate 
on 
alphanumeric 
data, but graphic images can only 


be treated 
as binary 
large 
objects. 
As 
such, 


See 
Appendix 
A for 
details 
and 
selected 


individual scores. 
1-21 


r 
~~. _ 
_....•..-"1 
•..••..•- 
<04 
611.'-'<04\. 
'--l"""Ul 
VJ. 
UUlU 
manipulation 
which 
can 
be 
accelerated 
by 


MMX 
technology. 
Image 
manipulation 


functions 
like 
filtering, 
compositing, 
alpha- 


blending, 
chrorna-keying, 
anti-aliasing 
and 


color space conversion 
algorithms 
are compute- 
hungry 
functions 
suited for coding 
with MMX 


technology 
instructions. 
Popular 
applications 
like 
Adobe 
Premiere*, 
Photoshop", 
PhotoDeluxe*, 
and 
AfterEffects* 
applications 


are all optimized 
for MMX technology. 
Adobe's 


PhotoDeluxe 
delivers 
performance 
gains of up 


to 200% when working 
with large images 
and 


adding 
special 
effects 
to 
photographs 7. 


Microsoft's 
Picture It!* 
incorporates 
MMX 


technology 
to allow high quality photo imaging 
on desktop systems. 


By improving 
the performance 
and reducing 
the 
execution 
time 
for 
complex 
filters, 
MMX 


technology 
reduces the number of iterations 
and 


thus, 
the 
amount 
of 
time 
spent 
achieving 
a 
desired 
result. 
For 
example, 
a 
50-second 


reduction 
in 
manipulating 
an 
image 
seems 


trivial by itself, but quickly becomes significant 
for 
typical 
users 
who 
may 
make 
such 


manipulations 
numerous 
times. The acceleration 


provided 
by MMX technology 
allows trial-and- 


error 
by 
novice 
users, 
making 
advanced 


capabilities 
possible 
for 
non-specialists 
and 


small businesses. 
For experts, 
this performance 


allows the creative process to not' be interrupted, 
allows the flow of ideas to continue, and hastens 
and improves the end-results. 


How MMXTM Technology 
Benefits 


Compression 
and Decompression 


Media-intensive 
data is typically quite large and 


requires 
compression 
for practical 
storage 
and 


network 
or web transmission. 
Compression 
and 


decompression 
algorithms 
are broadly 
used in 


7 Adobe Press Release, 
1/27/97. 
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enables 
a performance 
increase 
of up to 3x for 
JPEG 
compression 
and 
up 
to 
5x 
for 
JPEG 
decompressionv. 
These optimizations 
are being 


widely 
proliferated 
into 
various 
business 


applications 
currently 
in development. 
Pegasus' 


PICTOOLs* 
toolkits 
use MMX 
technology 
for 


faster 
image 
compression 
and 
decompression 
and 
see 
up 
to 
a 
2x 
to 
3x 
performance 


improvement 
over non-optimized 
versions. 


Video, Communications 
and 


Conferencing 
Applications 


MMX technology 
addresses some of the barriers 


to real-time 
video 
streaming 
over the Internet 
and 
corporate 
Intranets. 
Real-time 
streaming 


media 
permits 
viewing 
and/or 
listening 
while 


files down load from the web, instead of waiting 
for 
complete 
file 
transfers. 
For 
example, 


Microsoft's 
NetShow* 
2.0 is an easy, powerful 
application 
for streaming 
multimedia 
across the 


Internet 
and Intranet. 
Netshow 
2.0 supports 
a 


wide variety of industry 
standard 
codecs 
which 
demonstrate 
significant 
gains 
with 
the use of 


MMX technology. 


Effective, 
practical 
video 
communications 


require 
high 
quality 
image 
transmission 
and 


frame 
rates 
which 
can be difficult 
to achieve 


over 
low 
bandwidth 
communication 


infrastructures. 
MMX 
technology 
enhances 


software-only 
compression 
optimized 
for 


delivering 
high-quality 
video 
over 
existing 


networks 
and 
corporate 
LANs. 
High 


compression 
ratios further reduce the burden on 


limited 
network 
bandwidth. 
Businesses 
that 


deliver 
video 
to 
the 
desktop 
extend 
the 


s 
Intel Architecture 
Laboratory 
measurements 


of 
the 
effects 
of 
MMXTM 
technology 
optimizations 
on underlying 
algorithms 
on 
a 
200 
MHz 
Pentium 
processor 
with 
MMX 


technology. 
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training, 
web-based 
computer 
help 
desks, 
and 
Internet 
communications. 
Video-enabled 
Intranet-based 
training 
with 
MMX 
technology 
eliminates 
the high production 
and distribution 
costs of hundreds 
of hours 
of videotape-based 
content 
to 
offices 
worldwide. 
This 
scheme 
permits central content management 
and ensures 
employees 
access 
only 
the. most 
up-to-date 
information, 
and eliminates 
the need for experts 
to travel internationally 
to deliver live training at 
each site. 


Videoconferencing 
naturally 
benefits 
from 
MMX 
technology's 
ability 
to 
accelerate 
communication, 
compression, 
and 
decompression 
of audio and video data streams. 


MMX 
technology 
enables 
professional 
quality 
videoconferencing 
by 
doubling 
frame 
rates 
previously 
achievable. 
The 
graph 
below 
illustrates 
the impact 
of MMX 
technology 
on 
Intel 
Pro'Share" 
conferencing 
frame 
rates 
for 
QCIF9 
image 
sizes 
over Plain Old Telephone 
Service (POTS) vs. ISDN. 


ProShare(R) 
Conferencing 
TaT1Te1'tatErPer1rommnc:e- 
u1! 30 
:::25.l---------- 


~ 
20 .J---------- 
•.. 
:::. 15 +--- 


~ 
10 
a: 
5 
QI 
~ 
0 
•.. 
u.. 
POTS 
28.8kbps 
ISDN 
106kbps 


13Pentium(R) 
Processor 
166MHz 
13Pentium 
Processor 
with MMX(TM) 
Technology 
166MHz 
m Pentium 
11Processor 
233MHz 


The 
improved 
frame 
rate 
due 
to 
MMX 
technology shown in the graph above is achieved 
concurrent 
with 
a 
reduction 
in 
processor 
utilization, 
increasing 
the 
available 
processor 
bandwidth 
for 
use 
by 
other 
applications 
or 
network activity. 


Microsoft's 
collaboration 
and videoconferencing 
NetMeeting* 
software 
uses specialized 
codecs 
with 
MMX 
technology 
to 
provide 
enhanced 
performance 
for audio/video 
compression 
and 
decompression. 
These result in lower processor 
utilization 
and 
improved 
audio/video 
quality 
during a call. 


D 
Quarter Common 
Interchange 
Format 
(QCIF) 
image size. 


1998 PentiunP 
Processor 
Databook 


Web Browsers and MMXTM 
Technology 


The 
Gartner 10 
Group 
estimates 
that 
80% 
of 
knowledge 
workers' 
will 
access 
the 
Internet 
from within 
PC applications 
daily to do their 
jobs 
in the next 
couple 
of years. 
The 
user s 
interface to the web via browsers and new plug- 
ins 
for 
viewing 
graphics 
and 
video/audio 
playback 
can 
be Significantly 
improved 
with 
MMX technology. 
Static HTML web sites have 
already 
given 
way 
to 
dynamic 
multimedia 
interfaces 
that 
directly 
benefit 
from 
MMX 
technology. 
Microsoft 
will 
take 
advantage 
of 
MMX 
technology 
using 
Dynamic 
HTML s 
multimedia 
effects, 
which 
will be delivered 
in 
Microsoft 
Internet 
Explorer* 
4.0. 
MMX 
technology-enhanced 
Direct3D* 
will 
also 
be 
included 
as 
an 
ActiveX* 
control 
in 
Internet 
Explorer 
to 
view 
3D 
Internet 
content. 
The 
binary-to-ASCII 
text 
conversion 
in email 
and 
browser-based 
web interactions 
via uuencoding 
and uudecoding 
are basic functions 
which occur 
very frequently 
during 
normal 
web usage 
that 
are 
greatly 
sped 
up 
by 
MMX 
technology. 


Netscape 
is expected 
to include discussion 
and 
conferencing 
clients 
with 
audio 
streaming 
via 
plug-ins or Java applets. The Netscape 
Live3D* 
plug-in 
for Navigator* 
takes full advantage 
of 
Intel s MMX technology, 
giving users the ability 
to view more complex objects through increased 
texture 
and 
alpha 
blending, 
with 
increased 
performance. 


Accelerating Database 
Applications with MMXTM 
Technology 


Managing large databases of mixed media assets 
can 
be 
slow 
or 
inefficient 
with 
traditional 
databases 
because searches on complex 
data are 
based 
on 
textual 
file 
descriptions. 
MMX 
technology 
can 
improve 
the 
performance 
of 
hybrid 
object 
relational 
databases, 
which 
store 
more types 
of media 
data and perform 
faster 
complex 
queries. 
The 
Informix 
content 
management 
platform 
manages 
both 
complex 
and simple data types. Informix Universal Server 
and Illustra* 
Server* 
allow non-traditional 
data 


to be stored and manipulated 
by special 
MMX 
technology-optimized 
database 
modules 
called 


DataBlades*. 
These 
modules 
deliver 
efficient 
management 
of 
text, 
image, 
2D/3D 
spatial, 


l'} Gartner Group, Symposium/ITxpo 
96. 
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2D/3D spatial, HTML, time-series, 
audio, video 
and 
other 
complex 
data 
types. 
'Snap-in' 
DataBlades 
extend the core database 
server and 
client 
capabilities, 
permitting 
dynamic 
content 
management 
via 
custom 
indexing, 
pattern 
matching 
on 
complex 
data 
types, 
graphics, 
images, video, etc. 


CONCLUSION 


MMX 
technology 
will 
have 
a 
long-term 
beneficial 
effect 
on 
mainstream 
business 
applications 
and increases 
system, 
application 
and 
network 
performance 
'while 
making 
innovative 
new 
applications 
viable 
for 
wide- 
scale deployment. 


The mass move to Internet/Intranet 
technologies 
with 
rich 
content 
will 
continue, 
perhaps 
affecting 
the workplace 
as profoundly 
as word 
processing 
and 
desktop 
publishing. 
MMX 
technology 
will help remove the complexity 
and 
cost associated 
with sophisticated 
applications 
by 
reducing 
the 
need 
for 
custom 
hardware 
solutions. 
The 
industry 
acknowledges 
the 
benefits 
of MMX technology, 
demonstrated 
by 
the appearance 
of new and optimized 
software 
applications, 
tools and MMX technology-based 
systems. 
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The 
Pentium 11 
processor 
extends 
the 
performance 
of the Pentium 
Pro processor 
and 
adds 
the 
capabilities 
of 
MMX 
technology. 
Pentium 11 processor-based 
systems 
will arrive 
in the 
second 
quarter 
of 
1997 
as the 
high- 
performance 
business 
systems 
of choice. 
Intel 
will promote 
the continued 
success 
of MMX 
technology 
by continuing 
to provide 
extensive 
developer 
support, 
and by incorporating 
MMX 
technology 
in 
all 
future 
microprocessor 
offerings. 
Collectively, 
these 
activities 
will 
proliferate 
higher 
quality 
applications 
and 
platforms 
to business users worldwide, 
enabling 
enhanced 
communications 
and 
higher 
productivity 
for employees 
who take advantage 
of MMX 
technology. 
By 
mid-1998, 
all Intel 
Architecture 
microprocessors 
will 
incorporate 
MMX technology. 
To take maximum 
advantage 
of this direction, 
and to prepare 
the installed 
base and provide 
the most headroom 
for high- 
performance 
applications, 
ensure 
that 
new 
systems 
contain 
microprocessors 
with 
Intel 
MMX technology. 
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for MMX technology 
will only be apparent 
on 
platforms 
with microprocessors 
that incorporate 
MMX technology. 
MMX technology-optimized 
software performs 
'processorID' 
checks to verify 
Intel Architecture 
MMX technology 
instruction 
set support 
by the underlying 
microprocessor, 
allowing 
the execution 
of higher 
performance 
optimized 
routines. 
Otherwise, 
older, 
non- 
optimized 
routines 
must 
be 
executed. 
Users 
cannot realize the performance benefits of 
MMX technology from software upgrades 
alone: the client PC must be MMX technology- 
enabled 
to take advantage 
of the optimizations, 
The 
following 
benchmarks 
help 
quantify 
the 
benefits 
of 
executing 
MMX 
technology- 
optimized 
software 
on PCs 
with 
Intel 
MMX 
technology microprocessors. 
The 
Norton 
Multimedia* 
Benchmark 11 
compares 
a 
system's 
multimedia 
capabilities 
against the basic Multimedia 
PC (MPC) Level 2 
specification. 


50' ...- 
--------------, 
40 
Norton Multimedia· Benchmark 


30+-------------------~--~ 
20+------- 
10 
o 


Video 
3D 
Audio 
Ima in 
IDPentium(R) 
Processor 
200MHz 
IDPentium 
Processor 
with MMX(TM) 
Technology 
200MHz 
ID Peniium 
Pro Processor 
200MHz, 
256KB l2 
IDPentium 
11Processor 
233MHz, 
5t2KB 
l2 
• 
Pentium 
11Processor 
266MHz, 
512KB l2 


L 
See 
Appendix 
D 
for 
selected 
individual 
component scores 
and system configurations. 
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Video 
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ID Pentium(R) 
Processor 
200MHz 


ID Pentium 
Processor 
with MMX(TM) 
technology 
200MHz 


ID Pentium 
Pro Processor 
200MHz, 
256KB l2 


IDPentium 
11Processor 
233MHz, 
512KB ia 


.Pentium 
11Processor 
266MHz, 
512KB l2 


'C 
See 
Appendix 
D 
for 
selected 
individual 
component scores and system configurations. 
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APPENDIX B: ADDITIONAL 
MMXTMTECHNOL()GY 
DETAILS 


As mentioned 
in the 'Intel 
Architecture 
MMX 
Technology 
Overview' 
above, 
a wide array of 
applications 
were 
analyzed 
to determine 
how 
new instructions 
could enhance the performance 
of the most basic, compute 
intensive 
functions. 
The key attributes of these applications 
were: 


• 
Small integer data types (for example: 
8-bit 
graphics pixels, 16-bit audio samples) 


• 
Small, highly repetitive loops 


• 
Frequent multiplies and accumulates 


• 
Compute-intensive 
algorithms 


• 
Highly parallel operations 


MMX 
technology 
.was 
designed 
as a set 
of 
basic, general 
purpose 
integer 
instructions 
that 
can 
be easily 
applied 
to the 
needs 
of most 
multimedia 
and 
communications 
applications. 
MMX 
technology 
is 
the 
most 
significant 
enhancement 
to the Intel Architecture 
since the 
Intel386™ 
was 
introduced 
in 
1985. 
The 
highlights of this new technology 
are: 


• 
Single 
Instruction, 
Multiple 
Data 
(SIMD) 
technique 


• 
Fifty-seven 
new instructions 


• 
Eight 64-bit wide MMX registers overlayed 
on existing registers 


• 
Four new data types 
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The 
Single 
Instruction 
Multiple 
Data 
(SIMD) 
technique 
vastly 
speeds 
up 
software 
performance 
by using 
a single 
instruction 
to 
process multiple 
data elements 
in parallel. 
This 
parallelism 
greatly 
increases 
performance. 
The 
MMX 
technology 
supports 
parallel 
operations 
on byte (8-bit), word (l6-bit), 
and double-word 
(32-bit) 
data elements, 
and also the new quad- 
word 
(64-bit) 
integer 
data 
type. 
SIMD 
is 
analogous 
to using 
a central 
power 
switch 
to 
turn on 64 lights in an office complex instead of 
turning on each bank of 8 lights one by one. 


For example, 
the pmaddwd 
instruction 
allows a 
'packed 
multiply 
and add 
of 4 words into 2 
double-words' 
as visually 
represented 
below. 
Four 
multiplications 
and 
2 
summations 
are 
performed 
in parallel with one instruction: 


1 word 
= 
16 bits 


* 
* 
* 
* 


2 double-words 
= 64 bits wide 
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APPENDIX C: TOOLS FOR 
BUILDING AND TESTING 
NEW MMXTMTECHNOLOGY 
APPLlCA TIONS 


Since March 
1996, when Intel publicly 
released. 


the 
details 
of 
MMX 
technology, 
ISVs 
have 
participated 
in 
Intel 
Developer 
Support 
Programs, 
implemented 
coding 
enhancements, 
and 
used 
examples, 
libraries 
and 
software 
performance 
analysis tools provided by Intel. As 
a 
result, 
tool 
vendors 
are 
prepared 
with 
optimized offerings now. 


Compiler 
and 
debugger 
support 
for, MMX 
technology 
are available 
in: Microsoft's 
Visual 
C++*, Powersoft's 
Watcom C++ and NuMega 


Technologies' 
SoftICE*. 
Microsoft 
also 
takes 
advantage 
of MMX technology 
in the Direct3D 
addition 
to the DirectX* 
family 
of interactive. 


media APIs. 
Direct3D, 
currently 
shipping 
with 
Windows 
95 and planned 
to ship with Windows 
NT, 
offers 
a highly 
optimized 
software-only 
rendering 
engine 
with 
transparent, 
high- 
performance, 
device-independent 
services. 
Superscape's 
implementation 
of Direct3D 
with 


it's 
own 
rendering 
technology 
offers 
new 
features 
to application 
and content 
developers 
using Superscape 
real time 3D authoring 
tools. 
Use 
of 
the 
new 
features 
(smooth 
shading, 
lighting, 
Z-buffering 
and transparency) 
are all 
greatly 
accelerated 
by MMX technology 
up to 
8x 
over 
Pentium 
processor 
systems 
without 
MMX technology. 


MMX technology-enhanced 
authoring 
tools are 
available 
from 
Macromedia, 
Inc. 
Director*, 
provides 
timing 
and 
interactivity 
for 
media 
elements 
such 
. as 
2D 
and 
3D 
graphics, 


1998 PentiurrfY Processor 
Databook 


animation, 
sound, and digital video from a wide 
variety 
of sources 
and can create 
stand-alone 
runtime 
applications. 
Macromedia 
expects 
animation 
and 
multimedia 
playback 
performance 
to 
increase 
by 
up 
to 
50% 
and 
MMX technology 
provides 
a speed-up 
of up to 
40% in 256 color mode using ink bitmap images 
and animations. 


The Intel Signal Processing 
Library 
with MMX 
technology 
code 
allows 
signal 
processing 
functions 
previously 
requiring 
DSPs 
(Digital 
Signal Processors) 
to be performed 
natively on a 
host 
Intel 
Architecture 
processor 
with 
MMX 
technology. 
The 
Intel 
Recognition 
Primitive 
Library 
provides 
developers 
of 
speech 
and 
character-recognition 
software 
a set of generic 
MMX 
technology-enhanced 
functions. 
Intel's 
web 
site 
shows 
several 
coding 
examples 
of 
common 
data 
manipulation 
functions 
accelerated 
by MMX 
technology. 
VTune*, 
a 
unique 
visual 
performance 
analysis 
and 
software 
tuning 
tool for the Intel 
Architecture 
locates 
trouble 
spots, 
and 
offers 
advice 
and 
suggestions 
on 
how 
to 
maximize 
code 
performance 
using MMX technology. 


ADDITIONAL 
INFORMATION 


For 
more 
information 
on 
MMX 
technology, 
please 
consult 
the following 
sources, 
or your 
system or software vendor. 


• 
World Wide Web: 
http://www.intel.com 
http://mmx.com 
http://developer.intel.comldrg/mrnx 


• 
Intel Literature 
Center: 1-800-'879-4683 


• 
Intel Customer 
Support: 
1-800-628-8686 
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Intel Media BenchmarkJ 
156.00 
255.43 
194.38 
310.40 
350.77 
Windows· 
95 


Video 
155.52 
268.70 
158.34 
271.98 
307.24 


Image Processing 
159.03 
743.92 
220.75 
1026.55 
1129.01 


3D Geometry 
161.52 
166.44 
209.24 
247.68 
281.61 


Audio 
149.80 
318.90 
240.82 
395.79 
446.72 


Norton 
Media 
9.6 
13.8 
11.6 
17.2 
19.4 
Benchmark 


Video 
8.5 
11.4 
7.2 
10.4 
11.6 


3D Graphics 
12.8 
14.0 
16.6 
22.2 
25.2 


Audio 
10.9 
21.9 
16.4 
26.7 
30.4 


CD-ROM 
4.1 
4.1 
4.1 
4.1 
4.1 


Imaging 
5.8 
27.7 
16.8 
40.0 
44.3 
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MMX Technology- 
32 kB (16 kB I + 16 kB D) 


Secondary 
Cache 
512 kB WB Burst 
256 kB WB Burst 
512 kB WB Burst 


Memory 
Size/Speed 
Windows' 
95 - 32 MB SDRAM 


Hard Disk 
Adaptec 
2940UW' 
SCSI/PCI 
ControllerlBus 


Hard Disk 
Seagate 
ST32550W 


Video Controller/Bus 
Matrox Millennium'/PCI 


Video Memory 
2MBWRAM 
Size/Type 


Operating 
System 
Windows 
95 


Video Driver Revision 
Matrox 3.22 with Microsoft 
DirectX' 
3.0a 


Graphics 
1024x768 
Resolution, 
16-bit color 


CD-ROM 
Drive 
Pioneer SCSI DR-433 


Sound Card 
Creative 
Labs Sound Blaster' 
16 
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CHAPTER 1 
INTRODUCTION 
TO THE INTEl 
ARCHITECTURE 
OPTIMIZATION 
MANUAL 


In general, developing 
fast applications 
for Intel Architecture 
(lA) processors 
is not difficult. 


An understanding 
of the architecture 
and good development 
practices 
make the difference 
between 
a fast application 
and one that runs significantly 
slower than its full potential. 
Of 
course, 
applications 
developed 
for the 
8086/8088, 
80286, 
Inte1386™ 
(DX 
or SX), 
and 


Inte'1486™ processors 
will execute on the Pentiurn'P, Pentium 
Pro and Pentium 11processors 
without 
any 
modification 
or recompilation. 
However, 
the 
following 
code 
optimization 


techniques 
and architectural 
information 
will help you tune your application 
to its greatest 


potential. 


1.1 
TUNING YOUR APPLICATION 


Tuning an application 
to execute 
fast across the Intel Architecture 
(lA) is relatively 
simple 
when the programmer 
has the appropriate 
tools. To begin the tuning process, 
you need the 
following: 


• 
Knowledge 
of the Intel Architecture. 
See Chapter 2. 


• 
Knowledge 
of 
critical 
stall 
situations 
that 
may 
impact 
the 
performance 
of 
your 
application. 
See Chapters 3, 4 and 5. 


• 
Knowledge 
of how good your compiler 
is at optimization 
and an understanding 
of how 


to help the compiler produce good code. 


• 
Knowledge 
of the performance 
bottlenecks 
within 
your 
application. 
Use the VTune 


performance 
monitoring 
tool described 
in this document. 


• 
Ability to monitor the performance 
of the application. 
Use VTune. 


VTune, 
Intel's 
Visual 
Tuning 
Environment 
Release 
2.0 
is a useful 
tool ·to help 
you 
understand 
your 
application 
and where 
to begin 
tuning. 
The Pentium 
and Pentium 
Pro 


processors 
provide the ability to monitor your code with performance 
event counters. 
These 


performance 
event 
counters 
can be accessed 
using 
VTune. 
Within 
each 
section 
of this 


document 
the 
appropriate 
performance 
counter 
for 
measurement 
will 
be 
noted 
with 


additional 
tuning information. 
Additional 
information 
on the performance 
counter events and 


programming 
the counters can be found in Chapter 7. Section 
1.4 contains .order information 
for VTune. 


•• 
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1.2 
ABOUT THIS MANUAL 


It is assumed 
that the reader 
is familiar 
with the Intel 
Architecture 
software 
model 
and 


assembly language programming. 


This manual 
describes 
the software 
programming 
optimizations 
and considerations 
for lA 


processors 
with and without 
MMX 
technology. 
Additionally, 
this document 
describes 
the 


implementation 
differences 
of the processor 
members 
and the optimization 
strategy 
that 


gives the best performance 
for all members of the family. 


This manual 
is organized 
into seven chapters, 
including 
this chapter 
(Chapter 
1), and four 
appendices. 


Chapter 
1- 
Introduction 
to the Intel Architecture 
Optimization 
Manual 


Chapter 
2 - 
Overview 
of Processor 
Architecture 
and Pipelines: 
This chapter provides 
an overview of lA processor 
architectures 
and an overview of lA MMX technology. 


Chapter 
3 - 
Optimization 
Techniques 
for Integer 
Blended 
Code: 
This chapter lists the 
integer 
optimization 
rules 
and provides 
explanations 
of the optimization 
techniques 
for 
developing 
fast integer applications. 


Chapter 
4 - 
Guidelines 
for Developing 
MMXTM Technology 
Code: 
This chapter lists the 


MMX technology 
optimization 
rules, with an explanation 
of the optimization 
techniques 
and 


coding examples 
specific to MMX technology. 


Chapter 
5 - 
Optimization 
Techniques 
for Floating-Point 
Applications: 
This chapter 


contains. a list of rules, optimization 
techniques, 
and code examples 
specific to floating-point 


code. 


Chapter 
6 - 
Suggestions 
for Choosing 
a Compiler: 
This section includes 
an overview 
of 
the architectural 
differences 
and a recommendation 
for blended code. 


Chapter 
7 - 
Intel 
Architecture 
Performance 
Monitoring 
Extensions: 
This 
chapter 


details the performance 
monitoring 
counters and their functions. 


Appendix 
A - 
Integer 
Pairing 
Tables: 
This appendix 
lists the lA integer instructions 
with 


pairing information 
for the Pentium processor. 


Appendix 
B - 
Floating-Point 
Pairing 
Tables: 
This appendix 
lists the lA floating-point 
instructions 
with pairing information 
for the Pentium processor. 


Appendix 
C - 
Instruction 
to Micro-op 
Breakdown 


Appendix 
D - 
Pentlumv Pro 
Processor 
Instruction 
to Decoder 
Specification: 
This 
appendix 
summarizes 
the lA 
macro 
instructions 
with 
Pentium 
Pro 
processor 
decoding 
information 
to enable scheduling 
for the decoder. 


\ 
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1.3 
RELATED DOCUMENTATION 


Refer to the following 
documentation 
for more information 
on the Intel Architecture 
and 
specific techniques 
referred to in this manual: 


• 
lntel Architecture 
MM)(fM Technology 
Programmer's 
Reference 
Manual, 
Order Number 
243007. 


• 
Pentiume 
Processor 
Family Developer's 
Manual, 
Volumes 
1,2 
and 3, Order Numbers 
241428,241429 
and 241430. 


• 
Pentium® 
Pro Processor 
Family 
Developer's 
Manual, 
Volumes 
1, 2 and 
3, Order 
Numbers 242690,242691 
and 242692. 


1.4 
VTune ORDER INFORMATION 


Refer to the VTune home page on the World Wide Web for current order information: 


http://www.intel.com/ial/vtune 


To place an order in the USA and Canada call 1-800-253-3696 
or call Programmer's 
Paradise 
at 1-800-445-7899. 


International 
Orders can be placed by calling 503-264-2203. 
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1.0 
INTRODUCTION 
AND READING 


GUIDE 


The primary purpose of this application note is to 
provide information to help software engineers 
write the most robust Floating-Point Unit (FPU) 
exception 
handlers 
possible. 
This 
note 
also 
provides the basic hardware information needed to 
design the MS-DOS~compatible interface1 for the 
most 
recent 
generations 
of 
Intel 
Architecture 
processors, starting with the Intel486™ processor. 
(Because of the small amount of new design 
activity, 
the 
hardware interfaces for the 8086 


through the Intel386™ processors are treated only 
briefly.) 
The 
third 
purpose 
is 
to 
provide 
a 
compendium of the history of the development and 
variations of the Intel Architecture Floating-Point 
Units 
(FPUs) 
as 
relevant 
to 
their 
exception 


handling. Following is a list of Intel Architecture 
processors 
and 
math 
coprocessors 
in 


chronological order. 


• 
8086 processor 


• 
8087 math coprocessor 


• 
80286 processor 


• 
80287 math coprocessor 


• 
Intel386™ processor 


• 
Intel387 math coprocessor 


• 
Intel486™ DX processor 
(with integrated FPU) 


• 
Intel486 SX processor 


• 
Intel487 math coprocessor 


• 
Pentium®processor (with integrated FPU) 


• 
Pentium Pro processor (with integrated FPU) 


Much of this material is in various sections of the 
Pentiume Processor Family Developer's Manual, 
Volume 3. There is also some material in this 
application note that is not published elsewhere. 
On the 
other 
hand, there 
is much additional 


material on the FPU from the Pentiume Processor 


Footnotes 


1 WINDOWS· 95 and WINDOWS 3.1 (and earlier 


versions) use almost the same interface as MS- 
DOS·, and the recommendations herein for an 
MS-DOS compatable system apply to all three 
operating systems. 
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Family Developer's Manual, Volume 3 which has 
not been reproduced here, including the details on 
each of its specific exceptions. Much of this will be 
useful 
in writing 
FPU 
exception 
handlers, 
so 
Volume 
3 
should 
be 
used 
as 
an 
essential 
reference along with this appliction note. 


NOTE 


The following manuals referenced in this 
document are archived and are available on 
Intel's 
web 
site 
at 
http://www.intel.com: 


Pentiurr-iWProcessor 
Family 
Developer's 


Manual, 
Volume 
1: 
Pentium 
Processor 


(Order 
Number 
241428-004) 
and 
the 


Pentiurr-iWProcessor 
Family 
Developer's 


Manual, 
Volume 
3: 
Architecture 
and 


Programming 
Manual 
(Order 
Number 


241430-004). 


The 
materials 
are 
presented 
in 
a 
mostly 


chronological order, which supports the history 
preservation purpose, and also minimizes forward 
references. Thus the main body of this application 
note begins with Section 2 which covers the six 
presently 
available 
generations 
of 
Intel 


Architecture FPUs in chronological order starting 
with the 8087. The history of the FPU exception 
handling has been complicated both by Intel's 
successful efforts to improve the performance and 
flexibility of the FPU through the generations, and 
by the decision to support upward compatibility for 
a large customer base which was implementing' 
FPU exception handling in a way compatible with 
the first 8088 Personal Computers 
(PCs) and 


major Operating Systems 
(OSs). 
This 
second 


complication has resulted in two different systems 
or modes for FPU exception handling starting with 
the 80286 and 80287. 


Beginning 
with 
the 
80286 
and 
80287, 
Intel 


provided a dedicated input pin (ERROR#) on the 
80286, to be connected to the ERROR# output pin 
on the 80287, for the FPU exceptions. When 
asserted, the ERROR# input triggers interrupt 16. 
The use of this dedicated interrupt for the FPU 
exception handler is referred to as the "native 
mode", and is recommended by Intel. However, for 
reasons explained in Sections 2.1 and 2.2, the 
majority of the Intel Architecture 
(lA) customer 
base has not been using the native mode, but 
rather the "MS-DOS compatible mode" for FPU 
exception handling. Since the MS-DOS compatible 
mode has the largest customer base, is the more 
complicated mode, and has changed the most 
between generations, it is the main focus 
of 


Section 
2. 
In 
addition 
to 
the 
history 
of 
the 


architecture 
and interfaces for 
FPU exception 
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handling, Section 2 provides the basic hardware 
information 
needed 
to 
design 
the 
MS-DOS 
compatible 
interface 
for 
the 
most 
recent 
generations of lA processors, and discusses in 
detail several important system implications. 


Section 3 describes the recommended protocol for 
writing 
MS-DOS 
compatible 
FPU 
exception 
handlers, 
with 
various 
options, 
along 
with 
discussions of several problems and how to avoid 
them. Most of the material is also applicable to 
native mode handlers. 


Although 
the 
native 
mode 
of 
FPU exception 
handling was available from the second generation 
of the six presently available generations of the 
Intel Architecture FPUs (and brief discussions of it 
are provided in Section 2), we give the main 
presentation of it last, in Section 4. This is more 
chronologically 
consistent 
than 
it would 
seem 
because it has not become widely used until 
recently. 


A software engineer who needs to write an MS- 
DOS compatible FPU exception handler but does 
not want to review the FPU history (or read any 
more about hardware than necessary) may skip 
Section 2 and begin reading Section 3. Then some 
subsections 
of Section 
2 should 
be 
read as 
needed when referenced in Section 3. Someone 
writing a native mode exception handler that wants 
to read only what's necessary should start with 
Section 4, but then should also read Section 3, as 
most 
of 
the 
recommended 
protocol 
for 
FPU 
exception 
handling 
is 
the 
same for 
MS-DOS 
compatible and native modes and is not repeated 
in Section 4. Studying Section 4 first will allow this 
reader more easily to skip references back into 
Section 2 which are not relevant to the native 
mode. 


A 
note on TERMINOLOGY: 
There 
are 
many 
variations of the words which are used to label an 
(unmasked) FPU error condition, and also the 
code which handles it. "Error", "exception" and 
"fault" are used to refer to the condition. Such a 
condition results in an interrupt, if no mask or 
block is in effect along the interrupt pathway. The 
code which handles the interrupt can be referred 
to as an error or exception or fault handler, or an 
interrupt or exception service routine, etc. The 
phrase 
"exception 
handler" 
has 
been 
used 
consistently 
(as 
much 
as 
possible) 
in 
this 
application note, for several reasons: "Exception" 
is less general than 
interrupt 
(which includes 
external 
hardware 
interrupts 
and 
software 
interrupts, 
as 
well 
as 
the 
processor 
problem 


intel~ 


conditions 
called 
exceptions 
or 
faults), 
but 
correctly more general than error or fault (because 
e.g. a precision exception caused by the fact that 
the number 1/3 cannot be exactly represented in 
the 80 bit FPU format is not really due to any 
mistake or error!). However, the reader should be 
aware that a number of the variations given above 
can be found in the literature, and that when 
applied to the FPU, they all mean the same thing. 


2.0 
MS-DOS· COMPATIBLE 
HANDLERS AND THEIR ISSUES 
OVER GENERATIONS 


2.1 
Origin of MS-DOS· Mode: 8088 
and 8087 


The 8087 has an output pin, INT, which it asserts 
when an unmasked exception occurs. There is no 
dedicated pin or interrupt vector number in the 
8088 or 8086 specific for an FPU error assertion. 
Intel recommended that the FPU INT be routed to 
the 8088 or 8086 INTR pin through an 8259A 
Programmable Interrupt Controller (PlC), and not 
to the NMI input. However, the original PC design 
attached INT to NMI anyway, because by the time 
the 8087 was available, 
the original 
PC had 
already assigned other functions to the 8 inputs of 
the single PlC used in that design. 


2.2 
Development of MS-DOS· 
Mode with 80286 and 80287; 
Intel386™ Processor and 
Intel387 Math Coprocessor 


The 80286 and 80287 and Intel386 processor and 
Intel387 math coprocessor pairs are each provided 
with ERROR# pins that are recommended to be 
connected between the processor and FPU. If this 
is 
done, 
when 
an 
unmasked 
FPU 
exception 
occurs, 
the 
FPU 
records 
the 
exception, 
and 
asserts 
its 
ERROR# 
pin. 
The 
processor 
recognizes this active condition of the ERROR# 
status line at the next WAIT or ESC instruction in 
its instruction stream, and branches to the FPU 
exception handler at interrupt vector 16. This is the 
native mode. 


However, it was important to maintain maximum 
compatibility with the already significant 8088 and 
8086 PC software base, where the NMI vector (#2) 
was used for FPU exceptions and vector 16 was 
used for the BIOS video software interrupt. So the 
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original IBM PC-AT" design for the 80286 and 
80287 maintained Vector #16 for the BIOS video, 
and 
vector 
2 
was 
shared 
between the FPU 
exception and the new parity checking feature. A 
parity error detected by external hardware directly 
triggered vector 2 through the NMI pin. The FPU 
exception was handled by tying the 80286 RROR# 
input permanently high, and the 80287 ERROR# 
output was tied to the IRQ13 interrupt input on the 
second (cascaded) PlC in the PC-AT design. The 
PlC was programmed to ~ssue vector 75H when 
IRQ13 
was 
triggered. 
But 
to 
maintain 
compatibility with older PC software that expected 
to access 
its own FPU exception handler by 
changing vector 2, the BIOS routine activated by 
INT 75H branches to INT 2. The standard INT 2 
routine tests to see if the signal is due to the NMI 
pin (in which case it branches to the Parity Error 
handler) or an FPU exception. 


2.2.1 
SPECIAL HARDWARE FOR THE 
80287 INTERFACE 


It is necessary to guarantee,· in the case of an 
80287 
exception, 
that 
the 
exception 
will 
be 
handled through the external loop using IRQ13 in 
the cascaded PlC before other 80287 instructions 
are sent over from the 80286. This is done by 
asserting BUSY# to the 80286, which normally 
means that the 80287 is still busy with a previous 
instruction, and so blocks the 80286 from sending 
another 
until 
BUSY# 
is 
de-asserted. 
This 
additional use of BUSY# is implemented by an 
edge triggered flip-flop which latches BUSY# using 
ERROR# from the 80287 as a clock. The output of 
this latch is,OR'ed with the BUSY# output of the 
80287 and drives the BUSY# input of the 80286. 
This PC-AT scheme effectively delays 


deactivation of BUSY# at the 80286 whenever an 
80287 ERROR# is signaled. 


Since the BUSY# signal to the 80286 remains 
active after an exception, the 
IRQ13 interrupt 
(exception) handler (accessed through interrupt 


Footnotes 


2 WINDOWS 95 and WINDOWS 3.1 (and earlier 
versions) use interrupt 5DH instead of 75H, but 
the recommendations herein apply to systems 
using these WINDOWS operating systems, as 
well as MS-DOS. 
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vector 75H) is guaranteed to execute before any 
other 80287 instruction can begin 
(except for 
some 
special 
control 
instructions).The 
IRQ13 
handler clears the BUSY# latch (by writing to a 
special 1/0 port defined at OFOH),thus allowing 
execution of 80287 instructions to proceed. The 
handler 
then 
branches 
to 
the 
NMI 
handler 
(interrupt 
vector 
2), 
where 
the 
user 
defined 
numeric 
exception 
handler 
resides 
in 
PC 
compatible systems. 
Thus the 
PC-AT scheme 
approximates 
the 
exception 
reporting 
scheme 
between the 8087 and 8088 in the original PC. 


2.2.2 
SPECIAL HARDWARE FOR THE 
INTEl387™ MATH COPROCESSOR 
INTERFACE 


The 
Intel386 
processor 
can 
use 
a 
PC-AT 
compatible 
interface 
to 
communicate 
with 
an 
Intel387 math coprocessor, that is similar to the 
one in the 80286 and 80287 system above. As 
with the 80286, the Intel386 processor ERROR# 
pin should be tied permanently inactive (high), and 
the Intel387 ERROR# output used both to drive 
IRQ13, and to latch BUSY# in a flip-flop. The 
IRQ13 handler 
(vector 75H) 
should 
clear 
the 
BUSY# latch and branch to the NMI handler, as in 
the 80286 case. 


However, 
an 
additional 
hardware 
feature 
is 
needed to manage the PEREQ signal to the 
Intel386 
processor. 
After 
the 
Intel387 
math 
coprocessor 
asserts 
ERROR#, 
and 
then 
its 
BUSY# 
signal 
has 
gone 
inactive, 
extemal 
hardware must re-assert the PEREQ signal to the 
Intel386 
processor. 
This 
is 
needed 
for 
store 
instructions (for example, FST mem ) because the 
Intel387 math coprocessor drops PEREQ once it 
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signals an exception. While the Intel386 processor 
has not yet recognized the occurrence of the 
exception, it still expects the data transfers to 
complete 
via 
PEREQ 
re-activation. 
It 
is 


permissible for the Intel386 processor to receive 
undefined 
data 
during 
such 
I/O 
read cycles. 


Disabling the Intel387 math coprocessor is not 
necessary, 
because the 
dummy 
data 
transfer 


cycles directed to the Intel387 math co processor 
when PEREQ is externally reactivated for the 
Intel386 processor will not disturb the operation of 
the 
Intel387math 
coprocessor. 
The 
IRQ13 


interrupt handler should remove the extension of 
BUSY# and also the re-activation of PEREQ via a 
write to PC/AT compatible hardware at I/O port 
OFOH. 


An 
Intel387 math coprocessoroffers 
significant 


performance improvements over the 80287, but 
because the Intel386 processor was ready for 
production before the Intel387math coprocessor, 
the Intel386 processor was designed to work with 
either the 80287 or Intel387 math coprcoessors. 
The Intel386 processor automatically configures 
itself for the attached FPU on reset by testing the 
ERROR# pin, and setting or clearing bit 4 in CRO 
(see Section 10.1.3 in the Pentium@ 
Processor 


Family 
Developer's 
Manual, Volume 3). This bit is 


the ET (Extension Type) bit, and it will be set if 
ERROR# is low (meaning an Intel387 is attached) 
and cleared if ERROR# is high (meaning there is 
an 80287 or no FPU attached). The MS-DOS 
compatible hardware interface is similar to that for 
the 
Intel386 
processor 
and 
Intel387 
math 


coprocessor combination. 


2_3 
FERR# & IGNNE# with 
Intel486™ 
and Pentium@ 


Processors 
with CRO.NE=O 


In the Intel486 and Pentium® processors, more 
enhancements and speedup features have been 
added to the corresponding FPUs. Also, the FPU 
is built into the same chip as the processor, which 
allows 
further 
increases 
in 
speed. 
MS-DOS 


compatibility for exception handling has also been 
built in, with the NE bit in control register CRO 
selecting the MS-DOS compatible mode if made 
zero. (NE=1 selects the native or internal mode, 
which generates Interrupt 16, which is the same 
as the native version of exception handling for the 
80286 and 80287 and the Intel386 processors and 
Intel 387 math coprocessor.) 


In 
MS-DOS 
compatible 
mode, 
the 
FERR# 


(Floating-point 
ERRor) 
output 
replaces 
the 
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ERROR# signal from the previous generations, 
and is connected to a PlC. A new input signal, 
IGNNE# ( IGNore Numeric Error), is provided to 
allow the FPU exception handler to execute FPU 
instructions, if desired, without first clearing the 
error condition and without triggering the interrupt 
a second time. This IGNNE# feature is needed to 
replicate the capability that was provided on MS- 
DOS compatible Intel 80286 and 80287 and the 
Intel386 
processors 
and 
INtel 
387 
math 
coprocessor-based 
systems 
by turning off the 
BUSY# signal, when inside the FPU exception 
handler, before clearing the error condition. 


Note that 
Intel, 
in 
order 
to 
provide 
Intel486 
processors for market segments which had no 
need for an FPU, created the "SX" versions. 
These Intel486 SX processors did not contain the 
floating-point unit. Intel also produced Intel487 SX 
math 
coprocessors 
for 
end 
users 
who 
later 
decided to upgrade to a system with an FPU. 
These Intel487 SX math coprocessors are similar 
to standard Intel486 processors with a working 
FPU 
on 
board. 
Thus 
the 
external 
circuitry 
necessary to support the MS-DOS compatible 
mode for Intel487 SX math coprocessors is the 
same as for standard Intel486 OX processors. 


Note that the special DP (Dual Processing) mode 
for Pentium processors, and also the more general 
Intel MultiProcessor Specification for systems with 
multiple 
Pentium 
or 
Pentium 
Pro 
processors, 


support FPU exception handling only in the native 
mode. Intel does not recommend using the MS- 
DOS compatible FPU mode for systems using 
more than one processor. 


BASIC RULES: WHEN FERR# IS 
GENERATED 


• 
Assume the following conditions: NE=O, the 
IGNNE# input is de-asserted, and then an 
FPU instruction causes an unmasked FPU 
exception. Then in most cases, deferred error 
reporting 
occurs. 
This 
means 
that 
the 
processor does not respond immediately, but 
rather freezes just before executing the next 
WAIT or FPU instruction (except for "No- 
Wait" instructions, which the FPU executes 
regardless of an error condition). 


• 
At the same time that the processor freezes, 
it also asserts the FERR# output. 


• 
The frozen processor waits for an extemal 
interrupt, which must be supplied by external 


2.3.1 
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hardware 
in 
response 
to 
the 
FERR# 
assertion. 


• 
In MS-DOS compatible systems, FERR# is 
fed to the IRQ13 input in the 'cascaded PlC, 
which generates interrupt 75H, which then 
branches to interrupt 2, as described above 
for 
the 
80286and 
80287 
and 
Intel386 
processor 
and 
Intel387 
processor-based 
systems. 


These cases in which FERR# is not asserted at 
the time of the error, but rather at the next FPU or 
WAIT instruction, include all exceptions caused by 
the basic arithmetic instructions (including FADD, 
FSUB, 
FMUL, 
FDIV, 
FSQRT, 
FCOM 
and 
FUCOM), precision exceptions caused by all types 
of FPU instructions, and numeric underflow and 
overflow on all types of FPU instructions except 
stores to memory. We will refer to these cases as 
deferred (error reporting). 


On the other hand, there are some exceptions, 
which when caused by some instructions, drive 
FERR# at the time that the exception occurs. 
These include FPU stack fault, invalid operation 
and 
denormal 
exceptions 
caused 
by 
all 
transcendental instructions, FSCALE, FXTRACT, 
FPREM and others, and all exceptions (except 
precision) when caused by FPU store instructions. 
These 
cases 
are 
called 
immediate 
(error 
reporting). (These cases will, .like the deferred, 
cause 
the 
processor 
to 
freeze 
just 
before 
executing the next WAIT or FPU instruction if the 
error condition has not been cleared by that time.) 
Note that in general, whether an FPU exception 
case is deferred or immediate depends both on 
which exception occurred, and which instruction 
caused that exception. A complete specification of 
these cases, which applies also to the Inte1486,is 
given in Section 5.1.21 in the PentiurrfJ) Processor 
Family Developer's 
Manual, Volume 1. 


If NE=O but the IGNNE# input is active while an 
unmasked 
FPU 
exception 
is 
in 
effect, 
the 
processor 
disregards 
the 
exception, 
does 
not 
assert FERR#, and continues. If IGNNE# is then 
de-asserted and the FPU exception has not been 
cleared, the processor will respond as described 


above. (That is, an immediate exception case will 
assert FERR# immediately. A deferred exception 
case will assert FERR# and freeze just before the 
next FPU or WAIT instruction.) The assertion of 
IGNNE# is intended for use only inside the FPU 
exception handler, where it is needed if one wants 
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to 
execute 
non-control 
FPU 
instructions 
for 
diagnosis, before clearing the exception condition. 
When IGNNE# is asserted inside the exception 


handler, a preceding FPU exception has already 
caused FERR# to be asserted, and the external 
interrupt hardware has responded, but IGNNE# 
assertion 
still 
prevents 
the 
freeze 
at 
FPU 
instructions. Note that if IGNNE# is left active 
outside of the FPU exception handler, additional 
FPU instructions may be executed after a given 
instruction has caused an FPU exception. In this 
case, if the FPU exception handler ever did get 
invoked, it could not determine which instruction 
caused the exception. 


To properly manage the interface between the 
processor's FERR# output, its IGNNE# input, and 
the IRQ13 input of the PlC, additional external 
hardware 
is 
needed. 
A 
recommended 
configuration is described below. 


2.3.2 
RECOMMENDED 
EXTERNAL 
HARDWARE 
TO SUPPORT 
MS-DOS· 
COMPATIBILITY 


Figure 1 below provides an external circuit which 
will assure proper handling of FERR# and IGNNE# 
when an FPU exception occurs. In particular, it 
assures that IGNNE# will be active only inside the 
FPU exception handler without depending on the 
order of actions by the exception handler. Some 
hardware implementations have been less robust 
because they have depended on the exception 
handler to 
clear 
the 
FPU 
exception 
interrupt 
request to the PlC (FP_IRQ signal) before 
the 
handler causes 
FERR# to 
be de-asserted 
by 
clearing the exception from the FPlJ itself. Figure 
2 below shows the details of how IGNNE# will 
behave 
when 
the 
circuit 
in 
Figure 
1 
is 
implemented. The temporal regions within the FPU 
exception 
handler 
activity 
are 
described 
as 
follows: 


1. 
The FERR# signal is activated by an FPU 
exception and sends an interrupt 
request 
through the PlC to the processor's INTR pin. 


2. 
During the 
FPU 
interrupt 
service 
routine 
(exception handler) the processor will need to 
clear the interrupt request latch (Flip Flop #1). 
It may also want to execute non-control FPU 
instructions before the exception is cleared 
from the FPU. For this purpose the IGNNE# 
must be driven low. Typically 
in the 
PC 
environment an 1/0 access to Port OFOH 
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RESET 


1/0 Port OFOh 
Address Decode 


Inte1486™, 
Pentium®, or 
Pentium Pro 
processor 


FERR# 1------1 


+5V 


+SV 


+5V 


INTR 


IGNNE#~ 
~ 
~ 


LEGEND 


FF #n: 
Flip Flop #n 


CLR: 
Clear or reset 


Interrupt 
Controller 


Figure 1. Recommended Circuit for MS-DOS· Compatible FPU Exception Handling 


the 
FPU 
exception 
condition 
(which 
de-asserts 
FERR#). 
However, 
the circuit 
does 
not depend 
on 


the order 
of actions 
by the FPU exception 
handler 


to guarantee 
the correct 
hardware 
state 
upon 
exit 


from the handler. 
The flip flop which drives 
IGNNE# 


to the processor 
has its CLEAR 
input 
attached 
to 


the inverted 
FERR#. 
This ensures 
that IGNNE# 
can 
never 
be active 
when 
FERR# 
is inactive. 
So if the 
handler 
clears 
the FPU exception 
condition 
before 


the OFOH access, 
IGNNE# 
does 
not get activated 


and left on after exit from the handler. 
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2.3.3 
"NO-WAIT" FPU INSTRUCTIONS CAN 
GET FPU INTERRUPT IN WINDOW 


The 
Pentium 
and 
the 
Intel486 
processors 
implement 
the "No-Wait" 
Floating-Point 
instructions 
(FNINIT, 
FNCLEX, 
FNSTENV, 
FNSAVE, 
FNSTSW, 


FNSTCW, 
FNENI, 
FNDISI 
or 
FNSETPM 
- 
See 
Section 
6.3.7 
in the 
Pentiuf1'1® Processor 
Family 
Developer's 
Manual, 
Volume 
3) 
in 
the 
MS-DOS 
Compatibility 
mode 
(CRO.NE 
= 0) in the following 
manner: 
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If an unmasked numeric exception is pending from 
a preceding FPU instruction, a member of the "No- 
Wait" class of instructions will, at the beginning' of 
its execution, assert the FERR# pin in response to 
that exception just like other FPU instructions, but 
then, unlike the other FPU instructions, FERR# will 
be de-asserted. This de-assertion was implemented 
to allow the "No-Wait" class of instructions 
to 
proceed without an interrupt due to any pending 
numeric exception. However, the brief assertion of 
FERR# is sufficient to latch the FPU exception 
request 
into 
most 
hardware 
interface 
implementations 
(including 
Intel's 
recommended 
circuit). 


All the FPU instructions are implemented such that 
during their execution, there is a window in which 
the processor will sample and accept 
external 
interrupts. 
If there 
is 
a 
pending 
interrupt, 
the 
processor 
services 
the 
interrupt 
first 
before 
resuming 
the 
execution 
of 
the 
instruction. 
Consequently, it is possible that the 
"No-Wait" 
Floating-Point instruction may accept the external 
interrupt caused by it's own assertion of the FERR# 
pin in the event of a pending unmasked 'numeric 
exception, which is not an explicitly documented 
behavior of a "No-Wait" instruction. This process is 
illustrated by Figure 3, which is followed 
by a 
detailed description of the several cases possible. 


FERRI 


IGNNE# 


A 


u 


B 
c 


Figure 2, 
Behavior 
of Signals During 
FPU Exception 
Handling 
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Exception 
generating 
FP 
instruction 


Assertion 
Of 
FERR# 
+ 
by the 
processor 
Start 
of the 
I, 


"N O-W a it" FP 
instruction 


System 
Dependent 
Delay 
External 
Interrupt 


Case 
I 
Sampling 
Window 
Assertion 
Of 
INTR 
- 
pin 
by the 
system 
• 


Window 
CLOSED 


Case 
II 


,. 


. 


Figure 3: Timing 
of Receipt 
of External 
Interrupt 


Figure 
3 assumes 
that 
a floating-point 
instruction 
which 
generates 
a 
"deferred" 
error 
(as 
defined 
above 
in 
the 
Section 
2.3.1), 
which 
asserts 
the 
FERR# pin only on encountering 
the next floating- 
point 
instruction, 
causes 
an 
unmasked 
numeric 
exception. 
Assume 
that 
the 
next 
floating-point 
instruction 
following 
this 
instruction 
is one of the 


"No-Wait" 
floating-point 
instructions. 
The 
FERR# 
pin is asserted 
by the 
processor 
to indicate 
the 
pending 
exception 
on encountering 
the "No-Wait" 
floating-point 
instruction. 
After the assertion 
of the 
FERR# 
pin the "No-Wait" 
floating-point 
instruction 
opens 
a 
window 
where 
the 
pending 
external 
interrupts are sampled. 


Then there are two cases 
possible 
depending 
on 
the timing of the receipt of the interrupt via the INTR 
pin 
(asserted 
by the 
system 
in response 
to the 
FERR# pin) by the processor. 
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Case 1 
If the system 
responds 
to the assertion 
of FERR# 
pin by the "No-Wait" floating-point 
instruction 
via the 
INTR pin during this window 
then the interrupt 
is 
serviced first, before resuming the execution 
of the 
"No-Waif 
floating-point 
instruction. 


Case 2 
If the system 
responds 
via the INTR pin after the 
window has closed then the interrupt is recognized 
only at the next instruction 
boundary. 


There 
are two other 
ways, 
in addition 
to Case 
I 
above, 
in 
which 
a 
"No-Wait" 
floating-point 
instruction 
can service 
a numeric 
exception 
inside 
its 
interrupt 
window. 
First, 
the 
first 
floating-point 
error condition could be of the "immediate" 
category 
(as defined 
in Section 
2.3.1) 
that 
assert 
FERR# 
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immediately. If the system delay before asserting 
INTR is long enough, relative to the time elapsed 
before the "No-Wait" floating-point instruction, INTR 
can be asserted inside the interrupt window for the 
latter. 
Second, 
consider 
two 
"No-Wait" 
FPU 


instructions in close sequence, and assume that a 
previous FPU instruction has caused an unmasked 
numeric exception. Then if the INTR timing is too 
long for an FERR# signal triggered by the first "No- 
Waif' instruction to hit the first instruction's interrupt 
window, it could catch the interrupt window of the 
second. 


The 
possible 
malfunction 
of 
a 
"No-Wait" 
FPU 
instruction explained above cannot happen if the 
instruction is being used in the manner for which 
Intel 
originally 
designed 
it. 
The 
"No-Wait 
instructions were intended to be used inside the 
FPU exception handler, to allow manipulation of the 
FPU before the error condition is cleared, without 
hanging the processor because of the FPU error 
condition, and without the need to assert IGNNE#. 
They 
will 
perform this function 
correctly, 
since 
before the error condition is cleared, the assertion 
of FERR# that caused the FPU error handler to be 
invoked is still active. Thus the logic that would 
assert FERR# briefly at a "No-Wait" instruction 
causes 
no 
change 
since 
FERR# 
is 
already 
asserted. The "No-Wait" instructions may also be 
used without problem in the handler after the error 
condition is cleared, since now they .will not cause 
FERR# to be asserted at all. 


If a "No-Wait" instruction is used outside of the FPU 
exception handler, it may malfunction as explained 
above, depending on the details of the hardware 
interface 
impl'ementation 
and 
which 
particular 
processor is involved. The actual interrupt inside 
the window in the "No-Wait" instruction may be 
blocked by surrounding it with the instructions: 
PUSHFD, CLI, "No-Wait", then POPFD. (CLI blocks 
interrupts, and the push and pop of flags preserves 
and restores the original value of the interrupt flag.) 
However, if FERR# was triggered by the "No-Wait", 
its latched value and the P·ICresponse will still be in . 
effect. Further code can be used to check for and 
correct such a condition, if needed. Section 3.6 
(Considerations 
When 
FPU 
Shared 
Between 
Tasks) discusses an important example of this type 
of problem and gives a solution. 
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2.4 
Pentium@ Pro Processor with 
CRO.NE=O 


When bit NE=D in CRD, the MS-DOS' compatible 
mode of 
the 
Pentium 
Pro 
processor 
provides 
FERR# and IGNNE# functionality that is almost 
identical to the Intel486 and Pentium processors. 
The 
same 
external 
hardware, 
as 
described 
in 
Section 
2.3.2 
above, 
is 
recommended 
for 
the 
Pentium Pro processor as well as the two previous 
generations. 
The 
only 
change 
to 
MS-DOS 
compatible 
FPU 
exception 
handling 
with 
the 
Pentium Pro processor is that all exceptions for all 
FPU instructions cause immediate error reporting. 
That is, FERR# is asserted as soon as the FPU 
detects an unmasked exception; there are.no cases 
in which error reporting is deferred to the next FPU 
or WAIT instruction. (As is discussed in Section 
2.3.1, most exception cases in the Intel486 and 
Pentium processors are of the deferred type.) 


Although 
FERR# is asserted 
immediately 
upon 
detection of an unmasked FPU error, this certainly 
does 
not mean that therequested 
interrupt will 
always be serviced before the next instruction in the 
code sequence is executed. To begin with, the 
Pentium 
Pro 
processor 
executes 
several 
instructions simultaneously. There also will be a 
delay, which depends on the external hardware 
implementation, between the FERR# assertion from 
the processor and the responding INTR assertion to 
the processor. Further, the interrupt request to the 
PICs (IRQ13) may be temporarily blocked by the 
OS, or delayed by higher priority interrupts, and 
processor response to INTR itself is blocked if the 
OS has cleared the IF bit in EFLAGS. 


However, just as with the Intel486 and Pentium 
processors, 
if the 
IGNNE# input is inactive, a 
floating-point 
exception 
which 
occurred 
in 
the 
previous FPU instruction and is unmasked causes 
the 
processor 
to 
freeze 
immediately 
when 
encountering the next WAIT or FPU instruction 
(except for "No-Wait" instructions). This means that 
if the FPU exception handler has not already been 
invoked due to the earlier exception (and therefore 
the handler has not cleared that exception state 
from the FPU), the processor is forced to wait for 
the handler to be invoked and handle the exception, 
before the processor can execute another WAIT or 
FPU instruction. 
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As 
explained 
in 
Section 
2.3.3, 
if a 
"No-Waif' 


instruction is used outside of the FPU exception 
handler, in the Intel486 and Pentium processors, it 
may 
accept 
an 
unmasked 
exception 
from 
a 
previous FPU instruction which 
happens to fall 
within the external interrupt sampling window that is 
opened near the beginning of execution of all FPU 
instructions. This will not happen in the Pentium Pro 
processor, because this sampling window has been 
removed 
from 
the 
"No-Wait" 
group 
of 
FPU 
instructions. 


3.0 
RECOMMENDED 
PROTOCOL 
FOR MS-DOSTM AND 
WINDOWS* 
95 COMPATIBLE 
HANDLERS3 


The activities of numeric programs can be split into 
two major areas: program control and arithmetic. 
The program control part performs activities such 
as deciding what functions to perform, calculating 
addresses of numeric operands, and loop control. 
The 
arithmetic 
part 
simply 
adds, 
subtracts, 
multiplies, and performs other operations on the 
numeric operands. The processor is designed to 
handle these two parts separately and efficiently. 
An FPU exception handler, if a system chooses to 
implement 
one, 
is 
often 
one 
of 
the 
most 
complicated parts of the program control code. 


3.1 
Numeric Exceptions and their 
Defaults 


The FPU can recognize six classes of numeric 
exception 
conditions 
while 
executing 
numeric 
instructions: 


Footnotes 


3 Although there are some differences in the way 
FPU exceptions are handled between MS-DOS, 
and WINDOWS 95 and WINDOWS 
3.1 
(and 
earlier 
versions), 
the 
WINDOWS 
operating 
systems operate the processor in the MS-DOS 
compatable mode, and the recommended protocol 
given here applies to all these systems. On the 
other hand, current versions of WINDOWS NT 
use the FPU native mode. 
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1. 
#1- 
Invalid operation 
#IS--Stack 
fault 
#IA--IEEE 
standard invalid operation 


2. 
#Z-Divide-by-zero 


3. 
#D--Denormalized operand 


4. 
#O-Numeric 
overflow 


5. 
#U--Numeric underflow . 


6. 
#P-Inexact 
result (precision) 


For complete details on these exceptions and their 
defaults, 
see' the 
Pentium@ Processor 
Family 
Developer's 
Manual, Volume 
3, 
Sections 
7.1.7 
through 7.1.13. 


3.1.1 
TWO OPTIONS 
FOR HANDLING 
NUMERIC 
EXCEPTIONS 


Depending on options determined by the software 
system designer, the processor takes one of two 
possible 
courses 
of 
action 
when 
a 
numeric 
exception occurs: 


1. 
The 
FPU can 
handle selected 
exceptions 
itself, 
producing 
a 
default 
fix-up 
that 
is 
reasonable in mostsituations. 
This allows the 
numeric 
program 
execution 
to 
continue 
undisturbed. Programs can mask individual 
exception 
types 
to 
indicate that 
the 
FPU 
should generate this safe, reasonable result 
whenever the exception occurs. The default 
exception fix-up activity is treated by the FPU 
as 
part 
of 
the 
instruction 
causing 
the 
exception; 
no 
external 
indication 
of 
the 
exception is given (except that the instruction 
takes longer to execute when it handles a 
masked exception.) When masked exceptions 
are detected, a flag is set in the numeric status 
register, 
but 
no 
information 
is 
preserved 
regarding where or when it was set. 
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2. 
Alternatively, a software exception handler can 
be invoked to handle the exception. When a 
numeric 
exception 
is 
unmasked 
and 
the 


exception 
occurs, 
the 
FPU 
stops 
further 


execution 
of 
the 
numeric 
instruction 
and 


causes 
a branch to 
a software 
exception 


handler. 
The 
exception 
handler 
can 
then 


implement any sort of recovery procedures 
desired for any numeric exception detectable 
by the FPU. 


3.1.2 
AUTOMATIC 
EXCEPTION 
HANDLING: 


. USING 
MASKED 
EXCEPTIONS 


Each of the six exception conditions described 
above has a corresponding flag bit in the FPU 
status word and a mask bit in the FPU control word. 
If an exception is masked (the corresponding mask . 
bit in the control word = 1), the processor takes an 
appropriate default action and continues with the 
computation. The processor has a default fix-up 
activity for every possible exception condition it 
may 
encounter. 
These 
masked-exception 


responses 
are 
designed 
to 
be 
safe 
and 
are 


generally acceptable for most numeric applications. 


For 
example, 
if 
the 
Inexact 
result 
(Precision) 


exception 
is 
masked, 
the 
system 
can 
specify 


whether the FPU should handle a result that cannot 
be represented exactly by one of four modes of 
rounding: rounding it normally, chopping it toward 
zero, always rounding it up, or always down. If the 
Underflow exception is masked, the FPU will store 
a number that is too small to be represented in 
normalized form as a denormal (or zero if it's 
smaller than the smallest 
denormal). 
Note that 


when exceptions are masked, the FPU may detect 
multiple exceptions in a single instruction, because 
it 
continues 
executing 
the 
instruction 
after 


performing its masked response. For example, the 
FPU could detect a denormalized operand, perform 
its masked response to this exception, and then 
detect an underflow. 


As an example of how even severe exceptions can 
be handled safely 
and automatically 
using the 


default exception responses, consider a calculation 
of the parallel resistance of several values using 
only the standard formula (Figure 4). If R1 becomes 
zero, the circuit resistance becomes zero. With the 
divide-by-zero and precision exceptions masked, 
the processor will produce the correct result. FDIV 
of R1 into 1 gives infinity, and then FDIV of (infinity 
+R2 +R3) into 1 gives zero. 


~ 
R, <;. 
< 


EQUIVALENT 
RESISTANCE = 
1 
t 
-+-+- 
R, 
R2 
R, 


Figure 4. Arithmetic 
Example 
USing Infinity 


By 
masking 
or 
unmasking 
specific 
numeric 


exceptions in the FPU control word, programmers 
can delegate responsibility for most exceptions to 
the 
processor, 
reserving 
the 
most 
severe 
exceptions 
for 
programmed exception 
handlers. 


Exception-handling software 
is often 
difficult 
to 
write, 
and 
the 
masked 
responses have been 


tailored to deliver the most reasonable result for 
each condition. For the majority of applications, 
masking all exceptions yields satisfactory results 
with 
the 
least 
programming 
effort. 
Certain 
exceptions can usefully be left unmasked during the 
debugging phase of software development, and 
then masked when the clean software is actually 
run. An invalid-operation exception for example, 
typically indicates a program error that must be 
corrected. 


The exception flags in the FPU status word provide 
a 
cumulative 
record 
of 
exceptions 
that 
have 
occurred since these flags were last cleared. Once 
set, these flags can be cleared only by executing 
the FCLEXlFNCLEX (clear exceptions) instruction, 
by 
reinitializing the 
FPU with 
FINIT/FNINIT 
or 


FSAVE/FNSAVE, or by overwriting the flags with an 
FRSTOR or FLDENV instruction. This allows a 
programmer 
to 
mask 
all 
exceptions, 
run 
a 


calculation, and then inspect the status word to see 


1998 PentiurrfP Processor 
Databook 


AP-578 / Software and Hardware 
for FPU Exception 
Handlers 


if any exceptions were detected at any point in the 
calculation. 


3.2 
Software Exception Handling 


If the FPU in or with an Intel family processor 
(80286 and onwards) encounters an unmasked 
exception condition, with the system operated in the 
MS-DOS compatible mode and with IGNNE# not 
asserted, a software exception handler is invoked 
through a PlC and the processor's INTR pin. The 
FERR# (or ERROR# ) output from the FPU that 
begins 
the 
process 
of 
invoking 
the 
exception 
handler may occur when the error condition is first 
detected, or when the processor encounters the 
next WAIT or FPU instruction. Which of these two 
cases occurs depends on the processor generation 
and also on which 
exception 
and which 
FPU 


instruction triggered 
it, 
as discussed 
earlier 
in 
Section 2.' The elapsed time between the initial 
error signal and the invocation of the FPU exception 
handler 
depends 
of 
course 
on 
the 
external 
hardware 
interface, 
and 
also 
on 
whether 
the 
extemal interrupt for FPU errors is enabled. But the 
architecture 
ensures 
that 
the 
handler 
will 
be 
invoked before execution of the next WAIT or 
floating-point 
instruction 
since 
an 
unmasked 
floating-point exception causes the processor to 
freeze just before executing such an instruction 
(unless the IGNNE# input is active, or it is a "No- 
Wait" FPU instruction). 


The frozen processor waits for an external interrupt, 
which must be supplied by external hardware 'in 
response to the FERR# (or ERROR#) output of the 
processor (or coprocessor), usually through IRQ13 
on the "slave" PlC, and then through INTR. Then 
the 
external 
interrupt 
invokes 
the 
exception 
handling routine. Note that if the external interrupt 
for FPU errors is disabled when the processor 
executes an FPU instruction, the processor will 
freeze until some other (enabled) interrupt occurs if 
an unmasked FPU exception condition is in effect. 
If NE = 0 but the IGNNE# input is active, the 
processor disregards the exception and continues. 
Error reporting via an external interrupt is supported 
for 
MS-DOS 
compatibility. 
Chapter 23 
of 
the 
PentiurrfFJ Processor 
Family 
Developer's 
Manual, 
Volume 
3 
contains 
further 
discussion 
of 
compatibility issues. 
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The references above to the ERROR# output from 
the FPU apply to the Intel387 and 80287 math 
coprocessors 
(NPX 
chips). 
If 
one 
of 
these 
coprocessors encounters an unmasked exception 
condition, it Signals the exception to the 80286 or 
Intel386 processor using the ERROR# status line 
between the processor and the coprocessor. See 
Section 2.2 above, and Chapter 23 of the PentiurrfFJ 
Processor 
Family 
Developer's 
Manual, 
Volume. 3 
for differ~nces in FPU exception handling. 


The exception-handling routine is normally a part of 
the systems software. The routine must clear (or 
disable) the active exception flags in the FPU status 
word before executing any FP instructions that 
cannot complete execution when there is a pending 
FP exception. Otherwise, the FP instruction will 
trigger the FPU interrupt again, and the system will 
be 
caught 
in 
an 
endless 
loop 
of 
nested 
FP 
exceptions, and hang. In any event, the routine 
must clear (or disable) the active exception flags in 
the FPU status word after handling them, and 
before IRET(D). Typical exception responses may 
include: 


• 
Incrementing an exception counter for later 
display or printing 


• 
Printing or displaying diagnostic information 
(e.g., the FPU environment and registers) 


• 
Aborting 
further 
execution, 
or 
using 
the 
exception pointers to build an instruction that 
will run without exception and executing it 


Applications 
programmers 
should 
consult 
their 
operating 
system's 
reference 
manuals 
for 
the 
appropriate 
system 
response 
to 
numerical 
exceptions. 
For 
systems 
programmers, 
some 
details on writing software exception handlers are 
provided in Chapter 14 of the PentiurrfFJ Processor 
Family 
Developer'S 
Manual, Volume 3, as well as in 
this application note. 


As discussed in Section 2.3.2, some early FERR# 
to INTR hardware interface implementations are 
less robust than the recommended circuit. This is 
because they depended on the exception handler to 
clear the FPU exception interrupt request to the PlC 
(by accessing port OFOH)before the handler causes 
FERR# to be de-asserted by clearing the exception 
from the FPU itself. To eliminate the chance of a 
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producea numericexception. 


3.3.1 
EXCEPTION 
SYNCHRONIZATION: 
WHAT, 
WHY AND WHEN 


Exception 
synchronization 
means 
that 
the 
exception handler inspects and deals with the 
exception in the context in which it occurred. If 
concurrent execution is allowed, the state of 4he 
processorwhen it recognizesthe exception is often 
not 
in the context in which it occurred. The 
processor'may have changed many of its internal 
registers and 
be 
executing a 
totally 
different 
program by the time the exception occurs. If the 
exception handler cannot recapture the original 
context, it cannot reliably determine the cause of 
the exception or to recover successfully from the 
exception. To handle this situation, the FPU has 
special registers updated at the start of each 
numeric instruction to describe the state of the 
numeric program when the failed instruction was 
attempted.This providestools to help the exception 
handler recapture the original context, but the 
application 
code 
must 
also 
be 
written 
with 


synchronization 
in 
mind. 
Overall, 
exception 
synchronization must ensure that the FPU and 
other relevant parts of the context are in a well 
defined state when the handler is invoked after an 
unmaskednumeric exceptionoccurs. 


When the FPU signals an unmasked exception 
condition, it is requesting help. The fact that the 
exception was unmasked indicates that further 
numeric program execution under the arithmetic 
and programming rules of the FPU will probably 
yield invalid results. Thus the exception must be 
handled, and with proper synchronization, or the 
programwill not operate reliably. 


For programmers in higher-level languages, all 
required synchronization is automatically provided 


AS 
cescnoeo In ::;ectlon ;;1.1.1, 
cepenomq on 


options 
determined 
by 
the 
software 
system 
designer, the processor can perform one of two 
possible 
courses 
of 
action 
when 
a 
numeric 


exception occurs. 


• 
The FPU can provide a default fix-up for 
selected numeric exceptions. If 
the 
FPU 
performs its default action for all exceptions, 
then the need for exception synchronizationis 
not manifest. However,code is often ported to 
contexts and operating systems for which it 
was not originally designed. The example 
below illustrates that it is safest to always 
consider 
exception 
synchronization 
when 
designingcode that usesthe FPU. 


• 
Alternatively,a softwareexception handler can 
be invoked to handle the exception. When a 
numeric exception is 
unmasked and 
the 
exception occurs, the 
FPU 
stops 
further 


execution of 
the 
numeric instruction and 


causes a branch to a software exception 
handler. When an FPU exception handler will 
be invoked, synchronization must always be 
consideredto assure reliable performance. 


The following examples illustrate the 
need to 


always consider exception synchronization when 
writing numericcode, even when the code is initially 
intendedfor executionwith exceptionsmasked. 


3.3.2 
EXCEPTION 
SYNCHRONIZATION: 


EXAMPLES 


In the following examples, three instructions are 
shown to load an integer, calculate its square root, 
then 
increment the 
integer. The 
synchronous 
executionof the FPUwill allow both of these 
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Incorrect 
Error Synchronization: 


FILD 
COUNT 
FPU 
instruction 


INC 
COUNT 
; integer 
instruction 
alters 
operand 
FSQRT 
; subsequent 
FPU 
instruction 
-- 
error 
; from 
previous 
FPU 
instruction 
detected 
here 


Proper 
Error Synchronization: 


FILD 
COUNT 
; FPU 
instruction 
FSQRT 
; subsequent 
FPU 
instruction 
-- 
error 
from 


previous 
FPU 
instruction 
detected 
here 
INC 
COUNT 
; integer 
instruction 
alters 
operand 


programs to execute correctly, with INC COUNT 
being executed in parallel in the processor, as long 
as no exceptions occur on the FILD instruction. 
However, 
if 
the 
code 
is 
later 
moved 
to 
an 
environment where exceptions are unmasked, the 
code in the first example will not work correctly: 


In some operating systems supporting the FPU, the 
numeric register stack is extended to memory. To 
extend the 
FPU stack 
to memory, the 
invalid 
exception is unmasked. A push to a full register or 
pop from an empty register sets SF (Stack Fault 
flag) and causes an invalid operation exception. 
The 
recovery 
routine 
for 
the 
exception 
must 
recognize this situation, fix up the stack, then 
perform the original operation. The recovery routine 
will not work correctly in the first example shown in 
the figure. The problem is that the value of COUNT 
is incremented before the exception handler is 
invoked, so that the recovery routine will load an 
incorrect value of COUNT, causing the program to 
fail or behave unreliably. 


3.3.3 
PROPER 
EXCEPTION 
SYNCHRONIZATION 
IN GENERAL 


As explained before (see Section 3.2), if the FPU 
encounters an unmasked exception condition a 
software 
exception 
handler 
is 
invoked 
before 
execution 
of 
the 
next 
WAIT 
or 
floating-point 
instruction. This is because an unmasked floating- 
point exception causes the processor to freeze 
immediately before executing such an instruction 
(unless the IGNNE# input is active, or it is a "No- 
Wait" FPU instruction). Exactly when the exception 
handler will be invoked (in the interval between 
when the exception is detected and the next WAIT 
or FPU instruction) is dependent on the processor 
generation, the system, and which FPU instruction 
and exception is involved. 
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To 
be 
safe 
in 
exception 
synchronization, 
one 
should assume the handler will be invoked at the 
end of the interval. Thus the program should not 
change any value that might be needed by the 
handler (such as COUNT in the above example) 
until after the next FPU instruction following an FPU 
instruction that could cause an error. If the program 
needs to modify such a value before the next FPU 
instruction (or if the next FPU instruction could also 
cause an error), then a WAIT instruction should be 
inserted before the value is modified. This will force 
the handling of any exception before the value is 
modified. A WAIT instruction should also be placed 
after 
the 
last 
floating-point 
instruction 
in 
an 
application so that any unmasked exceptions will be 
serviced before the task completes. 


3.4 
FPU Exception Handling 
Examples 


There are many approaches to writing exception 
handlers. One useful technique is to consider the 
exception 
handler 
procedure 
as 
consisting 
of 


"prologue," "body," and "epilogue" sections of code, 


In the transfer of control to the exception handler 
due to an INTR, NMI, or SMI, external interrupts 
have been disabled by hardware. The prologue 
performs all functions that must be protected from 
possible 
interruption 
by 
higher-priority 
sources. 


Typically, 
this 
involves 
saving 
registers 
and 
transferring diagnostic information from the FPU to 
memory. When the critical processing has been 
completed, the prologue may re-enable interrupts to 
allow higher-priority interrupt handlers to preempt 
the exception handler. The standard "prologue' not 
only saves the registers and transfers diagnostic 
information from the FPU to memory but also clears 
the 
FP 
exception 
flags 
in 
the 
status 
word. 


Alternatively, 
when it is not necessary for the 


1-55 


AP-578 / Software and Hardware 
for FPU Exception Handlers 


handler to be re-entrant, another technique may 
also be used. In this technique, the exception flags 
are not cleared in the 'prologue' and the body of 
the handler must not contain any FP instructions 
that cannot complete execution when there is a 
pending FP exception. (The "No-Wair instructions 
are discussed in Section 6.3.7 of the 
Pentiurrf1' 


Processor 
Family 
Developer's 
Manual, 
Volume 3). 


Note that the handler must still clear the exception 
flag(s) before executing the IRET. If the exception 
handler 
uses 
neither 
of 
these 
techniques 
the 
system will be caught in an endless loop of nested 
FP exceptions, and hang. 


The body of the exception handler examines the 
diagnostic information and makes a response that 
is necessarily application-dependent. This response 
may range from halting execution, to displaying a 
message, to attempting to repair the problem and 
proceed 
with 
normal 
execution. 
The 
epilogue 
essentially reverses the actions of the prologue, 
restoring the processor so that normal execution 
can be resumed. The epilogue must not load an 
unmasked exception flag into the FPU or another 
exception will be requested immediately. 


The following code examples show the ASM386 
and ASM486 coding of three skeleton exception 
handlers, with the save spaces given as correct for 
32 bit protected mode. They show how prologues 
and epilogues can be written for various situations, 
but the application dependent exception handling 
body is just indicated by comments showing where 
it should be placed. 


in1et~ 


The first two are very similar; their only substantial 
difference is their choice of instructions to save and 
restore the FPU. The tradeoff here is between the 
increased 
diagnostic 
information 
provided 
by 
FNSAVE and the faster execution of FNSTENV. 
(Also, after saving the original contents, FNSAVE 
re-initializes the FPU, while FNSTENV only masks 
all 
FPU exceptions.) 
For applications 
that 
are 


sensitive to interrupt latency or that do not need to 
examine register contents, FNSTENV reduces the 
duration of the 'critical region," during which the 
processor 
does 
not 
recognize 
another 
interrupt request. 
(See the 
Pentiuats 
Processor 


Family 
Developer's 
Manual, 
Volume 
3, Section 


6.2.1.6 for a complete description of the FPU save 
image.) 


After the exception handler body, the epilogues 
prepare the processor to resume execution from the 
point of interruption (i.e., the instruction following 
the one that generated the unmasked exception). 
Notice that the exception flags 
in the memory 


image that is loaded into the FPU are cleared to 
zero prior to reloading (in fact, in these examples, 
the entire status word image is cleared). 


Example 1 
and 
Example 2 
assume 
that 
the 


exception handler itself will not cause an unmasked 
exception. Where this is a possibility, the general 
approach shown in 3 can be employed. The basic 
technique is to save the full FPU state and then to 
load a new control word in the prologue. Note that 
considerable care should be taken when designing 
an exception handler of this type to prevent the 
handler from being reentered endlessly. 


Example 1. Full-State Exception 
Handler 


SAVE 
REGISTERS, 
ALLOCATE 
STACK 
SPACE 
FOR 
FPU 
STATE 
IMAGE 
PUSH 
EBP 


MOV 
EBP, 
ESP 
SUB 
ESP, 
108 
; ALLOCATES 
108 
BYTES 
(32-bit 
PROTECTED 
MODE 
SIZE) 
;SAVE 
FULL 
FPU 
STATE, 
RESTORE 
INTERRUPT 
ENABLE 
FLAG 
(IF) 
FNSAVE 
[EBP-108) 


PUSH 
[EBP 
+ OFFSET_TO_EFLAGS) 
; COPY 
OLD 
EFLAGS 
TO 
STACK 
TOP 
POPFD 
; RESTORE 
IF TO 
VALUE 
BEFORE 
FPU 
EXCEPTION 


APPLICATION-DEPENDENT 
EXCEPTION 
HANDLING 
CODE 
GOES 
HERE 


CLEAR 
EXCEPTION 
FLAGS 
IN 
STATUS 
WORD 
(WHI~H 
IS 
IN MEMORY) 
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RESTORE MODIFIED STATE IMAGE 
MOV 
BYTE PTR [EBP-104], OH 
FRSTOR 
[EBP-108] 
DE-ALLOCATE STACK SPACE, RESTORE REGISTERS 
MOV 
ESP, EBP 


POP 
EBP 


RETURN TO INTERRUPTED CALCULATION 
IRETD 
SAVE_ALL 
ENDP 


Example 
2. Reduced-Latency 
Exception 
Handler 


SAVE_ENVIRONMENT 
PROC 


SAVE REGISTERS, ALLOCATE STACK SPACE FOR FPU ENVIRONMENT 
PUSH 
EBP 


MOV 
EBP, ESP 
SUB 
ESP, 28 ; ALLOCATES 28 BYTES 
(32-bit PROTECTED MODE SIZE) 
;SAVE ENVIRONMENT, RESTORE INTERRUPT ENABLE FLAG 
(IF) 
FNSTENV 
[EBP-28] 
PUSH 
[EBP + OFFSET_TO_EFLAGS] ; COPY OLD EFLAGS TO STACK TOP 
POPFD 
; RESTORE IF TO VALUE BEFORE FPU EXCEPTION 


APPLICATION-DEPENDENT EXCEPTION HANDLING CODE GOES HERE 


CLEAR EXCEPTION FLAGS IN STATUS vJORD 
n·JHICHIS IN MEMORY) 
RESTORE MODIFIED ENVIRONMENT IMAGE 
MOV 
BYTE PTR 
[EBP-24], OH 
FLDENV 
[EBP-28] 
DE-ALLOCATE STACK SPACE, RESTORE REGISTERS 
MOV 
ESP, EBP 


POP 
EBP 


RETURN TO INTERRUPTED CALCULATION 
IRETD 
SAVE_ENVIRONMENT 
ENDP 


Example 
3. Reentrant 
Exception 
Handler 


LOCAL_CONTROL DW 
? 
; ASSUME INITIALIZED 


REENTRANT 
PROC 


; SAVE REGISTERS, ALLOCATE STACK SPAC~ FOR FPU STATE IMAGE 
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PUSH 
EBP 


MOV 
EBP, 
ESP 
SUB 
ESP, 
108 
; ALLOCATES 
108 
BYTES 
(32-bit'PROTECTED 
MODE 
SIZE) 


SAVE 
STATE, 


FNSAVE 
FLDCW 
PUSH 
[EBP 
POPFD 


LOAD 
NEW 
CONTROL 
WORD, 
RESTORE 
INTERRUPT 
ENABLE 
FLAG 
(IF) 
[EBP-108] 
LOCAL_CONTROL 
+ 
OFFSET_TO_EFLAGS] 
; COPY 
OLD 
EFLAGS 
TO 
STACK 
TOP 
; RESTORE 
IF TO 
VALUE 
BEFORE 
FPU 
EXCEPTION 


APPLICATION-DEPENDENT 
EXCEPTION 
HANDLING 
CODE 
GOES 
HERE. 
AN 
UNMASKED 
EXCEPTION 


GENERATED 
HERE 
WILL 
CAUSE 
THE 
EXCEPTION 
HANDLER 
TO 
BE 
REENTERED. 


IF 
LOCAL 
STORAGE 
IS NEEDED, 
IT MUST 
BE ALLOCATED 
ON 
THE 
STACK. 


CLEAR 
EXCEPTION 
FLAGS 
IN 
STATUS 
WORD 
(WHICH 
IS 
IN MEMORY) 
RESTORE 
MODIFIED 
STATE 
IMAGE 
MOV 
BYTE 
PTR 
[EBP-104], 
OH 
FRS TOR 
[EBP-108] 
DE-ALLOCATE 
STACK 
SPACE, 
RESTORE 
REGISTERS 
MOV 
ESP, 
EBP 


POP 
EBP 


RETURN 
TO 
POINT 
OF 
INTERRUPTION 
IRETD 
RE ENTRANT 
ENDP 
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3.5 
Need for Preserving 
the State 
of IGNNE# Circuit if Use FPU 
and SMM 


In Section 2.3.2 the recommended circuit (Figure 2) 
for MS-DOS compatible FPU exception handling for 
Intel486 processors and beyond contains two flip 
flops. When the FPU exception handler accesses 
1/0 port OFOHit clears the IRQ13 interrupt request 
output from Flip Flop #1 and also clocks out the 
IGNNE# signal (active) from Flip Flop #2. The 
assertion of IGNNE# may be used by the handler if 


,needed 
to 
execute 
any 
FPU 
instruction 
while 
ignoring the pending FPU errors. The problem here 
is that the state of Flip Flop #2 is effectively an 
additional (but hidden) status bit that can affect 
processor behavior, and so ideally should be saved 
upon entering SMM, and restored before resuming 
to normal operation. If this is not done, and also the 
SMM code saves the FPU state, AND an FPU error 
handler is being used which relies on IGNNE# 
assertion, then (very rarely) the FPU handler will 
nest inside itself and malfunction. The 
following 
example shows how this can happen. 


The problem will only occur if the processor enters 
SMM 
.between 
the 
OUT 
and 
the 
FLDCW 
instructions. But if that happens, AND the SMM 
code saves the FPU state using FNSAVE, then the 
IGNNE# 
Flip 
Flop 
will 
be 
cleared 
(because 
FNSAVE clears the FPU errors and thus de-asserts 
FERR#). When the processor returns from SMM it 
will restore the FPU state with FRSTOR, which will 
re-assert FERR#, but the IGNNE# Flip Flop will not 
get set. Then when the FPU error handler executes 
the FLDCW instruction, the active error condition 
will cause the processor to re-enter ,the FPU error 
handler from the beginning. This. may cause the 
handler to malfunction. 


Note that NMI (or any interrupt through INTR that is 
enabled inside the 
FPU exception handler) will 
cause this same problem, if the interrupt routine 
saves and restores the FPU state, and it happens 
to 
occur 
between 
the 
OUT 
and 
the 
FLDCW 
instructions. SMI is the main focus here because it 
is much more likely to invoke FNSAVE/FRSTOR 
than other interrupts because of OV suspend (see 
below). The problem can easily be eliminated from 
all interrupts besides SMI and NMI by not enabling 
INTR inside the FPU exception handler. 


To 
avoid this 
problem, 
Intel. recommends two 
measures: 


/ 
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1. 
Do not use the FPU for calculations inside 
SMM code (or code for NMI, or any other 
interrupts enabled inside the FPU exception 
handler). (The normal power management, 
and sometimes security, functions provided by 
SMM have no need for FPU calculations; if 
they are needed for some special case, use 
scaling or emulation instead.) This eliminates 
the need to do FNSAVE/FRSTOR inside SMM 
code, except when going into an OV suspend 
state (in which, in order to save power, the 
processor is turned off completely, requiring its 
complete state to be saved). 


2. 
The system should not call upon SMM code to 
put the processor into OV suspend while the 
processor is running FPU calculations, or just 
after an interrupt has occurred. Normal power 
management protocol avoids this by going into 
power down states only after timed intervals in 
which no system activity occurs. 


3.6 
Considerations 
When FPU 
Shared Between Tasks 


The Intel Architecture allows speculative deferral of 
floating-point state swaps on task switches. This 
feature allows postponing an FPU state swap until 
an 
FPU 
instruction 
is 
actually 
encountered 
in 
another task. Since kernel tasks rarely use floating- 
point, and some applications do not use floating- 
point or use it infrequently, the amount of time 
saved 
by 
avoiding 
unnecessary 
stores 
of. the 
floating-point 
state 
is 
significant. 
Speculative 
deferral of FPU saves does, however, place an 
extra burden on the kernel in three key ways: 


1. 
The kernel must keep track of which thread 
owns the FPU, which may be different from 
the currently executing thread. 


2. 
The kernel must associate any floating-point 
exceptions 
with 
the 
generating 
task. 
This 
requires special handling since floating-point 
exceptions are delivered asynchronous with 
other system activity. 


3. 
There are conditions under which spurious 
floating-point 
exception 
interrupts 
are 
generated, which the kernel must recognize 
and discard. 
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Suppose that the FPU exception handler includes the following sequence: 


FNSTSW save_sw 
; save the FPU status word using a "No-Waif FPU instruction 


; clears IRQ13 & activates IGNNE# 
OUTOFOH, AL 


same problem 


FLDGW new_cw ; loads new GW ignoring FPU errors, since IGNNE# is assumed active; or any 
; other FPU instruction that is not a "Nc-Walt" type will cause the 


FGLEX 
IGNNE# FF 
; clear the FPU error conditions & thus turn off FERR# & reset the 


3.6.1 
SPECULATIVELY 
DEFERRING 
FPU 
SAVES, GENERAL 
OVERVIEW 


In order to support multi-tasking, each thread in the 
system needs a save area for the general purpose 
registers, and each task that is allowed to use 
floating-point 
needs 
an 
FPU 
save 
area 
large 
enough to hold the entire FPU stack and associated 
FPU state such as the control word and status 
word. 
(See 
the 
Pentiurr/1} 
Processor 
Family 
Developer's 
Manual, 
Volume 3, Section 6.2.1.6 for 
a complete description of the FPU save image.) 


On a task switch, the general purpose registers are 
swapped out to their save area for the suspending 
thread, and the registers of the resuming thread are 
loaded. The FPU state does not need to be saved 
at this point. If the resuming thread does not use 
the FPU before it is itself suspended, then both a 
save and a load of the 
FPU state 
has been 
avoided. It is often the case that several threads 
may be executed without any usage of the FPU. 
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The processor supports speculative deferral of FPU 
saves via interrupt 7 "Device Not Available" (DNA), 
used in conjunction with GRO bit 3, the "Task 
Switched" bit (TS). (See the Pentiurr/1} 
Processor 
Family 
Developer's 
Manual, 
Volume 3, Sections 
10.1.3 & 14.9.7) Every task switch via the hardware 
supported task switching mechanism (see Section 
13.5 of the Pentiunts 
Processor 
Family 
Developer's 
Manual, Volume 3) sets TS. Multi-threaded kernels 
that use software task switching4 can set the TS bit 
by reading GRO,ORing a '1' into bit 3, and writing 
back 
GR05. 
Any 
subsequent 
floating-point 
instructions (now being executed in a new thread 
context) will fault via interrupt 7 before execution. 


Footnotes 


41n a software task' switch, the operating system 
uses a sequence of instructions 
to save the 
suspending 
thread's 
state 
and 
restore 
the 
resuming thread's state instead of the single long, 
noninterruptable task switch operation provided by 
the Intel Architecture. 


5 Although GRO,bit 2, the emulation flag (EM), also 
causes a DNA exception, do not use the EM bit 
as a surrogate for TS. EM means that no flbating- 
point unit is available and that FP instructions 
must be emulated. Using EM to trap on task 
switches is not compatible with Intel Architecture 
MMXTMTechnology. If the EM flag is set, MMX 
instructions raise the invalid opcode exception. 
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This allows the 
DNA handler to save the old 
floating-point context and reload the FPU state for 
the current thread. The handler should clear the TS 
bit before exit using the CLTS instruction. On return 
from the handler the faulting thread will proceed 
with its floating-point computation. 


Some operating systems save the FPU context on 
every task 
switch, typically 
because they 
also 
change the linear address space between tasks. 
The problem and its solution discussed below apply 
to these operating systems also. 


3.6.2 
TRACKING 
FPU OWNERSHIP 


Since the contents of the FPU may not belong to 
the currently executing thread, the thread identifier 
for 
the 
last 
FPU 
user 
needs 
to 
be 
tracked 
separately. This is not complicated -- the kernel 
should simply provide a variable to store the thread 
identifier of the FPU owner, separate from the 
variable that stores the identifier for the currently 
executing thread. This variable is updated in the 
DNA exception handler, and is used by the DNA 
exception handler to find the FPU save areas of the 
old and new threads. A simplified flow for a DNA 
exception handler is then: 


1. 
Use the 'FPU Owner' variable to find the FPU 
save area of the last thread to use the FPU. 


2. 
Save the FPU contents to the old thread's 
save 
area, 
typically 
using 
an 
FNSAVE 
instruction. 


3. 
Set the 'FPU Owner' variable to the identify 
the currently executing thread. 


4. 
Reload 
the 
FPU 
contents 
from 
the 
new 
thread's 
save 
area, 
typically 
using 
an 
FRSTOR instruction. 


1998 PentiurrfY Processor 
Databook 


5. 
Clear TS using the CLTS instruction and exit 
the DNA exception handler. 


While this flow covers the basic requirements for 
speculatively deferred FPU state swaps, there are 
some additional subtleties that need to be handled 
in a robust implementation. 


3.6.3 
INTERACTION 
OF FPU STATE 
SAVES 
AND FP EXCEPTION 
ASSOCIATION 


Recall 
these 
key 
points 
from 
earlier 
in 
this 
document: When consldennq FP exceptions across 
all implementations of the Intel Architecture, and 
across all FP instructions, an FP exception can be 


initiated from any time during the excepting FP 
instruction, up to just before the next FP instruction. 
The 'next' FP instruction may be the FNSAVE used 
to save the FPU state for a task switch. In the case 
of "no-wait" 
instructions such as FNSAVE, the 
interrupt from a previously excepting instruction 
(NE=O case) may arrive just before the "no-wait" 
instruction, 
during, 
or shortly 
thereafter 
with 
a 
system dependent delay. Note that this implies that 
an FP exception might be registered during the 
state swap process itself, and the kernel and FP 
exception interrupt handler must be prepared for 
this case. 


A simple way to handle the case of exceptions 
arriving during FPU state swaps is to allow the 
kernel to be one of the FPU owning threads. A 
reserved thread identifier is used to indicate kernel 
ownership of the FPU. During an FP state swap, 
the 'FPU owner' variable should be set to indicate 
the kernel as the current owner. At the completion 
of the state swap, the variable should be set to 
indicate 
the 
new 
owning 
thread. 
The 
numeric 
exception handler needs to check the FPU owner 
and 
discard 
any numeric exceptions that occur 
while the kernel is the FPU owner. A more general 
flow for a DNA exception handler that handles this 
case is shown next 
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I 
FPU Owner := Kernel 
I 
, 


FNSAVE to Old Thread's 
FP Save Area 
I 
<handler final clean-up> 
I 
(may cause numeric exception) 
, 
, 


FRSTOR from Current Thread's 
I 
CLTS (clears CRO.TS) 
I 
FP Save Area 
+ 
, 


<other handler code> 
I 
Exit DNA Handler 
I 
, 


FPU Owner := Current Thread 
, 


Numeric exceptions received while the kernel owns the FPU for a state swap must be discarded in the kernel 
without being dispatched to a handler. A flow for a numeric exception dispatch routine is shown below: 


Numeric Exception Entry 


Yes 


Normal Dispatch to 
Numeric Exception Handler 
Exit 
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It may at first glance seem that there is a possibility 
of FP exceptions being lost because of exceptions 
that are discarded during state swaps. This is not 
the case, as the exception will be re-issued when 
the FP state is reloaded. Walking through state 
swaps 
both with 
and without 
pending numeric 
exceptions will clarify the operation of these two 
handlers. 


Case 
1: 
FPU 
State 
Swap 
Without 
Numeric 
Exception 


Assume two threads 'A' and 'B', both using- the 
floating-point unit. Let A be the thread to have most 
recently executed a FP instruction, with no pending 
numeric 
exceptions. 
Let 
B 
be 
the 
currently 
executing thread. CRO.TS was set when thread A 
was suspended. When B starts to execute a FP 
instruction the instruction will fault with the DNA 
exception because TS is set. 


At this point the handler is entered, and eventually it 
finds 
that 
the 
current 
FPU Owner 
is 
not the 
currently executing thread. To guard the FPU state 
swap from extraneous numeric exceptions, the FPU 
Owner is set to be the kernel. The old owner's FPU 
state 
is saved with 
FNSAVE, and the current 
thread's 
FPU state 
is 
restored with 
FRSTOR. 
Before exiting, the FPU owner is set to thread B, 
and the TS bit is cleared. 


On exit, thread S resumes execution of the faulting 
FP instruction and continues. 


Case 
2: 
FPU 
State 
Swap 
with 
Discarded 
Numeric Exception 


Again, assume two threads 'A' and'S', 
both using 
the floating-point unit. Let A be the thread to have 
most recently executed a FP instruction, but this 
time let there be a pending numeric exception. Let 
S be the currently executing thread. When S starts 
to execute a FP instruction the instruction will fault 
with the DNA exception and enter the DNA handler. 
(If both numeric and DNA exceptions are pending, 
the DNA exception takes precedence, in order to 
support handling the numeric exception in its own 
context.) 


When the FNSAVE starts, it will trigger an interrupt 
via 
FERR# 
because 
of 
the 
pending 
numeric 
exception. After some system dependent delay, the 
numeric exception handler is entered. It may be 
entered before the FNSAVE starts to execute, or it 
may be entered shortly 
after execution of the 
FNSAVE. Since the FPU 
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Owner is the kernel, the numeric exception handler 
simply exits, discarding the exception. The DNA 
handler 
resumes 
execution, 
completing 
the 
FNSAVE of the old FP context of thread A and the 
FRSTOR of the FP context for thread S. 


Thread A eventually gets an opportunity to handle 
the exception that was discarded during the task 
switch. After some time, thread S is suspended, 
and thread A resumes execution. When ·thread A 
starts to execute an FP instruction, once again the 
DNA exception handler is entered. S's FPU state is 
FNSAVE'ed, and A's FPU state is FRSTOR'ed. 
Note that in restoring the FPU state from A's save 
area, the pending numeric exception flags are 
reloaded in to the FP status word. Now when the 
DNA exception handler returns, thread A resumes 
execution of the faulting FP instruction just long 
enough 
to 
immediately 
generate 
a 
numeric 
exception, which now gets handled in the normal 
way. The net result is that the task switch and 
resulting FPU state swap via the DNA exception 
handler causes an 'extra' numeric exception which 
can be safely discarded. 


3.6.4 
INTERRUPT ROUTING FROM THE 
KERNEL 


In MS-DOS, an application that wishes to handle 
numeric exceptions hooks interrupt 2 by placing its 
handler address in the interrupt vector table, and 
exiting via a jump 
to the previous 
interrupt 2 
handler. Protected mode systems that run MS-DOS 
programs under a subsystem 
can emulate this 
exception 
delivery 
mechanism. 
For 
example, 
assume a protected mode O.S. that runs with 
CR.NE = 1, and that runs MS-DOS programs in a 
virtual machine subsystem. The MS-DOS program 
is set up in a virtual machine that provides a 
virtualized interrupt table. The MS-DOS application 
hooks interrupt 2 in the virtual machine in the 
normal way. A numeric exception will trap to the 
kernel via the real INT 16 residing in the kernel at 
ring O. The INT 16 handler in the kernel then 
locates the correct MS-DOS virtual machine, and 
reflects the interrupt to the virtual machine monitor. 
The virtual machine monitor then 
emulates an 
interrupt by jumping through the address in the 
virtualized interrupt table, eventually reaching the 
application's numeric exception handler. 
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4.0 
DIFFERENCES 
FOR HANDLERS 
USING NATIVE MODE 


The 8087 
has a pin INT which 
it asserts 
when 
an 


unmasked 
exception 
occurs. 
But 
there 
is 
no 


interrupt 
input pin in the 8086 or 8088 dedicated 
to 


its attachment, 
nor an interrupt 
vector 
number 
in the 


8086 
or 8088 
specific 
for an FPU 
error 
assertion. 
But 
beginning 
with 
the 
Intel 
80286 
and 
80287, 
hardware 
connections 
were 
dedicated 
to 
support 


the 
FPU 
exception, 
and 
interrupt 
vector 
16 


assigned 
to it. 


4.1 
Origin with 80286 and 80287; 
Intel386™ 
Processor 
and 


Intel387 Math Coprocessor 


The 80286 
and 80287 
and 
Intel386 
processor 
and 


Intel387 
math coprocessor 
pairs are each provided 


with 
ERROR# 
pins 
that 
are 
recommended 
to 
be 


connected 
between 
the processor 
and FPU. 
If this 


. is done, when an unmasked 
FPU exception 
occurs, 
the 
FPU 
records 
the 
exception, 
and 
asserts 
its 


ERROR# 
pin. The processor 
recognizes 
this active 


condition 
of the 
ERROR# 
status 
line 
immediately 


before 
execution 
of 
the 
next 
WAIT 
or 
FPU 


instruction 
(except 
for 
the 
"NO-Wait" 
type) 
in 
its 


instruction 
stream, 
and 
branches 
to the 
routine 
at 


interrupt 
vector 
16. Thus 
an FPU exception 
will be 


handled 
before any other 
FPU instruction 
(after the 


one causing 
the error) is executed 
(except 
for "No- 


Wait" 
instructions, 
which 
will 
be executed 
without 


triggering 
the 
FPU 
exception 
interrupt, 
but 
it will 


remain pending). 


Using the dedicated 
interrupt 
16 for FPU exception 


handling 
is referred 
to as the native 
mode. 
It is the 


simplest 
approach, 
and 
the 
one 
recommended 


most highly by lntel, 


4.2 
Changes with Inte1486™, 
Pentium® and Pentium 
Pro 
Processors 
with CRO.NE=1 


With 
these 
latest 
three 
generations 
of 
the 
Intel 
Architecture, 
more 
enhancements 
and 
speedup 


features 
have 
been 
added 
to 
the 
corresponding 


FPUs. Also, the FPU is now built into the same chip 
as the processor, 
which 
allows 
further 
increases 
in 


the speed 
at which the FPU can operate 
as part of 


the 
integrated 
system. 
This 
also 
means 
that 
the 


native 
mode 
of FPU 
exception 
handling, 
selected 


by 
setting 
bit 
NE 
of 
register 
CRO to 
1, is 
now 


entirely 
internal. 


If an 
unmasked 
exception 
occurs 
during 
an 
FPU 


instruction, 
the 
FPU 
records 
the 
exception 
internally, 
and 
triggers 
the 
exception 
handler 


through 
interrupt 
16 immediately 
before 
execution 


of the next WAIT or FPU instruction 
(except 
for "No- 


Wait" 
instructions, 
which 
will 
be 
executed 
as 
described 
in Section 
4.1 above). 


An 
unmasked 
numerical 
exception 
causes 
the 
. 


FERR# 
output 
to be activated 
even with NE=1, and 


at exactly 
the same 
point in the program 
flow as it 


would 
have 
been 
asserted 
if 
NE 
were 
zero. 


However, 
the system 
would 
not connect 
FERR# 
to 


a 
PlC 
to 
generate 
INTR 
when 
operating 
in 
the 


native, 
internal 
mode. 
(If the hardware 
of a system 


has FERR# 
connected 
to trigger 
IR013 
in order to 


support 
MS-DOS, 
but an OS using the native mode 


is 
actually 
running 
the 
system, 
it 
is 
the 
OSs 


responsibility 
to 
make 
sure 
that 
IR013 
is 
not 


enabled 
in the slave 
PlC.) With this configuration 
a 


system 
is 
immune 
to 
the. problem 
discussed 
in 
Section 
2.3.3, 
where 
for 
Intel486 
and 
Pentium 


processors 
a "No-Wait" 
FPU instruction 
can get an 


FPU exception. 


4.3 
Considerations 
When FPU 


Shared Between Tasks·Using 
Native Mode 


The 
protocols 
recommended 
in 
Section 
3.6 
for 


MS-DOS 
compatible 
FPU 
exception 
handlers 
that 
are 
shared 
between 
tasks 
may 
be 
used 
without 


change 
with 
the 
native 
mode. 
However, 
the 


protocols 
for a handler 
written 
specifically 
for native 


mode can be simplified, 
because 
the problem 
of a 
spurious 
floating-point 
exception 
interrupt 
occurring 
while 
the 
kernel 
is 
executing 
cannot 
happen 
in 
native mode. 


The problem 
as actually 
found in practical 
code in a 


MS-DOS 
compatible 
system 
happens 
when 
the 


DNA 
handler 
uses 
FNSAVE 
to 
switch 
FPU 


contexts. 
If 
an 
FPU 
exception 
is 
active, 
then 


FNSAVE 
triggers 
FERR# 
briefly, 
which 
usually 
will 
cause 
the 
FPU 
exception 
handler 
to 
be 
invoked 


inside 
the 
DNA 
handler. 
In native 
mode, 
neither 


FNSAVE 
nor any 
other 
"No-Wait" 
instructions 
can 


trigger 
interrupt 
16. (As discussed 
above, 
FERR# 


gets 
asserted 
independent 
of the value 
of the 
NE 


bit, but when 
NE=1, 
the OS should 
not enable 
its 


path through 
the PlC.) Another 
possible 
(very rare) 


way a floating-point 
exception 
interrupt 
could occur 


while 
the 
kernel 
is 
executing 
is 
by 
an 
FPU 
immediate 
exception 
case 
having 
its 
interrupt 


delayed 
by the 
external 
hardware 
until 
execution 


has 
switched 
to 
the 
kernel. 
This 
also 
cannot 
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happen in native mode because there is no delay 
through external hardware. 


Thus the native mode FPU exception handler can 
omit the test to see if the kernel is the FPU owner, 
and the DNA handler for a native mode system can 
omit the step of setting the kernel as the FPU 
owner at the handler's beginning. Since however 
these simplifications are minor and save little code, 
it would be a reasonable and conservative habit (as 
long as the MS-DOS compatible mode is widely 
used) to include these steps in all systems. 
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Note that the special DP (Dual Processing) mode 
for Pentium processors, and also the more general 
Intel MultiProcessor Specification for systems with 
multiple 
Pentiurn . or 
Pentium 
Pro 
processors, 
support FPU exception handling only in the native 
mode. 
Intel 
does 
not 
recommend 
using 
the 
MS-DOS compatible FPU mode for systems using 
more than one processor. 
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1.0. 
INTRODUCTION 


As the Intel 
Architecture 
evolves 
with 
the addition 
of 
new generations 
and models 
of processors 
(8086, 
8088, 
Inte1286, 
Inte1386™, 
Inte1486™, 
Pentiumw 
processors, 
Pentium 
OverDrive® 
processors, 
Pentium 
processors 
with MMXTM technology, 
Pentium 
OverDrive 
processors 
with 
MMX 
technology, 
Pentium 
Pro 
processors 
and 
Pentium 
II processors), 
it is essential 
that Intel provide an 
increasingly 
sophisticated 
means 
with 
which 
software 
can 
identify 
the 
features 
available 
on each 
processor. 
This 
identification 
mechanism 
has 
evolved 
in 
conjunction 
with the Intel Architecture 
as follows: 


I. 
Originally, 
Intel 
published 
code 
sequences 
that 
could detect minor implementation 
or architectural 
differences 
to identify processor 
generations. 


2. 
Later, with the advent of the Inte1386™ 
processor, 
Intel 
implemented 
processor 
signature 
identification 
which provided 
the processor 
family, 
model, 
and stepping 
numbers 
to software, 
but only 
upon reset. 


3. 
As the Intel 
Architecture 
evolved, 
Intel 
extended 
the 
processor 
signature 
identification 
into - the 
CPU ID instruction. 
The CPUID instruction 
not only 
provides 
the processor 
signature, 
but also provides 
information 
about 
the 
features 
supported 
by and 
implemented 
on the Intel processor. 


The evolution 
of processor 
identification 
was necessary 
because, 
as 
the 
Intel 
Architecture 
proliferates, 
the 
computing 
market 
must 
be 
able 
to 
tune 
processor 
functionality 
across 
processor 
generations 
and 
models 
that have differing 
sets of features. 
Anticipating 
that this 
trend will continue 
with future processor 
generations, 
the 
Intel 
Architecture 
implementation 
of 
the 
CPUID 
instruction 
is extensible. 


This 
application 
note explains 
how to use the CPUID 
instruction 
in' 
software 
applications, 
BIOS 
implemeritations, 
and various 
processor 
tools. By taking 
advantage 
of the CPUID instruction, 
software 
developers 
can 
create 
software 
applications 
and 
tools 
that 
can 
execute 
compatibly 
across 
the 
widest 
.range 
of 
Intel 
processor 
generations 
and 
models, 
past, 
present, 
and 
future. 


1.1. 
Update Support 


You can obtain new Intel processor 
signature 
and feature 
bits 
information 
from 
the 
developer's 
manual, 
programmer's 
reference 
manual 
or 
appropriate 
documentation 
for 
a processor. 
In 
addition, 
you 
can 


receive 
updated 
versions 
of the programming 
examples 
included 
in this 
application 
note; 
contact 
your 
Intel 
representative 
for more information, 


2.0. 
DETECTING THE CPUID 
INSTRUCTION 


Starting 
with the Intel486 
family 
and subsequent 
Intel 
processors, 
Intel provides 
a straightforward 
method 
for 
determining 
whether the processor's 
internal 
architecture 
is able to execute 
the CPUID 
instruction, 
This 
method 
uses the ID flag in bit 21 of the EFLAGS 
register. 
If 
software 
can change 
the value 
of this flag, the CPUID 
instruction 
is executable. 
See Figure I. 


NOTE 


Only 
in 
some 
Intel486 
and 
succeeding 
processors. 
Bit 21 
in the 
Intel386 
processor's 
Eflag register cannot be changed by software, 
and 
the Intel386 
processor 
cannot execute 
the CPUID 
instruction. 
Execution 
of CPUID 
on a processor 
that does not support this instruction 
will result in 
an invalid opcode exception. 


, 


I 
' I 


8086 Flags Register 


I 
I 
286 Flags Register 


11 
1 


Intel386™ Processor 
Eflags Register 


11 
;~ 


1 


Intel486™ Processor 
Eflags Register 


11 
ID 


1 


Pentium® and Pentium Pro Processors 
Eflags Register 


000002 


• 


Figure 1. Flag Register 
Evolution 
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The POPF, POPFD, PUSHF, and PUSHFD instructions 
are used to access the Flags, Eflags register. The program 
examples at the end of this application note show how 
you use the PUSHFD instruction to read and the POPFD 
instruction to change the value of the ID flag. 


fully dependent upon the contents of the EAX register. 
This means, by placing different values in the EAX 
register 
and 
then 
executing 
CPUID, 
the 
CPUID 
instruction will perform a specific function dependent 
upon whatever value is resident in the EAX register (see 
Table 1). In order to determine the highest acceptable 
value for the EAX register input and CPUID operation, 
the program should set the EAX register parameter value 
to "0" and then execute the CPUID instruction as 
follows: 


3.0. 
OUTPUT 
OF THE CPUID 
INSTRUCTION 


Figure 2 
summarizes 
the 
outputs 
of 
the 
CPUID 
instruction. The function of the CPUID instruction is 
MOVEAX,OOH 
CPUID 


Output of CPUID if EAX = 0 
31 


Highest Value 
EAX 
Highest Integer Value 


23 
15 
7 
31 


ECX 
I (6C) 
e (65) 
t(74) 
n (6E) 


1(49) 
e(65) 
n (6E) 
i (69) 


u (75) 
n (6E) 
e(65) 
G(47) 


Vendor ID 
EDX 


EBX 


ASCII String (with Hexadecimal) 


Output of CPUID if EAX = 1 


31 


Processor 
EAX I 
Signature 


, Processor Type 
Family 
Model 
Stepping 


Feature Flags 


Output of CPUID if EAX = 2 
l 


31 
23 


EAX 


Configu ration 
EBX 


Parameters 
EDX 


ECX 


Figure 2.' CPUID Instruction Outputs 
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EAX=2 
EAX:EBX:ECX:EDX 
f- Processor 
configuration 
parameters 


3$EAX$ 
Intel reserved 
highest value 


EAX > highest 
EAX:EBX:ECX:EDX 
f- Undefined 
value 
(Do not use.) 


After 
the execution 
of the CPUID 
instruction, 
a return 


value will be present in the EAX register. 
Always use an 
EAX parameter 
value that is equal to or greater than zero 
and less than or equal 
to this highest 
EAX 
"returned" 
value. On current 
and future IA-32 processors, 
bit 31 in 


the EAX register will be clear when CPUID is called with 
an input parameter 
greater 
then highest 
value. All other 


bit values 
returned 
by the 
processor 
in response 
to a 


CPU ID instruction 
with EAX set to a value higher than 


appropriate 
for that 
processor 
are 
model 
specific 
and 


should not be relied upon. 


3.1. 
Vendor ID String 


In addition 
to returning 
the highest 
value 
in the EAX 


register, the Intel Vendor-ID 
string can be simultaneously 


verified 
as well. If the EAX 
register 
contains 
an input 


value of 0, the CPUID instruction 
also returns the vendor 


identification 
string in the EBX, EDX, and ECX registers 
(see Figure 2). These registers contain the ASCII string: 


GenuineIntel 


While any imitator 
of the Intel Architecture 
can provide 


the CPUID instruction, 
no imitator can legitimately 
claim 


that its part is a genuine 
Intel part. So the presence 
of the 
GenuineIntel 
string 
is 
an 
assurance 
that 
the 
CPUID 


EDX 


Figure 3. EDX Register Value after RESET 


Processors 
that implement 
the CPUID 
instruction 
also 
return 
the processor 
identification 
signature 
after 
reset; 


however, 
the CPUID 
instruction 
gives you the flexibility 
of checking 
the processor 
signature 
at any time. Figure 3 
shows 
the 
format 
of 
the 
signature 
for 
the 
Intel486, 


Pentium, 
Pentium 
Pro and Pentium 
11 processors. 
Note 
that 
the ED X processor 
signature 
value 
after 
reset 
is 
equivalent 
to the processor 
signature 
output 
value in the 


EAX 
register 
in 
Figure 2. 
Table 2 
shows 
the 
values 
returned 
in the EAX register 
currently 
defined 
for these 


processors. 
(The high-order 
18 bits are undefined 
and 
reserved.) 


The processor 
type, specified 
in bit positions 
12 and 13 
of Table 3, indicates 
whether the processor 
is an original 


OEM 
processor, 
an 
OverDrive 
processor, 
or 
a 
dual 


processor 
(capable 
of being 
used 
in a dual 
processor 
system), 
Table 3 
shows 
the 
processor 
type 
values 


returned 
in bits 12 and 13 of the EAX register. 


The family 
values, 
specified 
in bit positions 
8 through 
11, 
indicates 
whether 
the 
processor 
belongs 
to 
the 


Intel386, 
Intel486, 
Pentium or P6 family of processors. 


The model number, specified 
in bits 4 though 7, indicates 


the processor's 
family model number, 
while the stepping 


number in bits 0 through 3 indicates 
the revision 
number 
of that model. 
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Table 2. Inte1486™, Pentium@ Processor 
Family, 
OverDrive@, 
Pentium 
Pro Processor 
and 
Pent/urn" 
Processor 
Signatures 


Type 
Family 
Model 
Stepping 
Description 


00 
0100 
0000 and 0001 
xxxx (t) 
Intel486™ 
OX processors 


00 
0100 
0010 
XXXX 
(t) 
Intel486 SX processors 


00 
0100 
0011 
XXXX 
(t) 
Intel 487 processors 


00 
0100 
0011 
XXXX 
(t) 
IntelDX2TM processors 


00 
0100 
0011 
XXXX 
(t) 
IntelDX2 OverDrive$ 
processors 


00 
0100 
0100 
XXXX 
(3) 
Intel486 SL processor 


00 
0100 
0101 
XXXX 
(t) 
IntelSX2TM processors 


00 
0100 
0111 
XXXX 
(3) 
Write-Back 
Enhanced 
IntelDX2 
processors 


00 
0100 
1000 
XXXX 
(3) 
IntelDX4TM processors 


00,01 
0100 
1000 
XXXX 
(3) 
IntelDX4 OverDrive 
processors 


00 
0101 
0001 
XXXX 
(2) 
Pentiurn$ processors 
(60, 66) 


00 
0101 
0010 
XXXX 
(2) 
Pentiurn processors 
(75, 90, 100, 120, 133, 150, 166, 200) 


00 
0101 
0001 
XXXX 
(2) 
Pentiurn OverDrive 
processor 
for Pentiurn processor 
(60,66) 


01 (4) 
0101 
0010 
XXXX 
(2) 
Pentiurn OverDrive 
processor 
for Pentiurn processor 
(75,90,100,120,133) 


01 
0101 
0011 
XXXX 
(2) 
Pentiurn OverDrive 
processors 
for Intel486 processor- 


based systerns 


00 
0101 
0100 
XXXX 
(2) 
Pentiurn processor 
with MMXTM technology 
(166, 200) 


01 
0101 
0100 
XXXX 
(2) 
Reserved for a future OverDrive 
processor 
for Pentiurn 
processor 
(75, 90, 100, 120, 133) 


00 
0110 
0001 
XXXX 
(2) 
Pentiurn Pro processor 


00 
0110 
0011 
XXXX 
(2) 
Pentiurn I1processor, 
rnodel 3 


00 
0110 
0101 
XXXX 
(2) 
Pentiurn 11processor, 
rnodel 5 


01 
0110 
0011 
XXXX 
(2) 
Reserved for a future OverDrive 
processor 
for Pentiurn Pro 
processor 


NOTES: 


1. 
This processor 
does not implement 
the CPUID 
instruction. 


2. 
Refer to the Intel486™ 
documentation, 
the Pentiu~ 
Processor 
Specification 
Update 
(Order 
Number 
242480), 
the 
Pentiu~ 
Pro Processor 
Specification 
Update (Order 
Number 
242689), 
or the Pentiu~ 
" Processor 
Specification 
Update 
(Order 
Number 
243337) 
for the latest list of stepping 
numbers. 


3. 
Stepping 
3 implements 
the CPUID 
instruction. 


4. 
The definition 
of the type field for the OverDrive~ 
processor 
is 01 h. An errata on the Pentium 
OverDrive 
processor 
will 


always 
return OOhas the type. 
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Table 3. Processor 
Type 


(Bit Positions 
13 and 12) 
, 


Value 
Description 
. 


! 
00 
Original OEM processor 


I, 
I 
01 
OverDrive® 
processor 


I 


I 


10 
Dual processor 


11 
Intel reserved 
(Do not use.) 


Older 
versions 
of 
Intel486 
SX, 
Intel486 
OX 
and 
InteIDX2™ 
processors 
do 
not 
support 
the 
CPUID 
instruction, 
so 
they 
can 
only 
return 
the 
processor 
signarure 
at reset. 
Refer to Table 2 to determine 
which 


processors 
support the CPUID instruction. 


NOTE 


All 
Intel486 
SL-enhanced 
and 
Write-Back 
enhanced 
processors 
are capable 
of executing 
the 
CPUID instruction. 
See Table 2. 
. 


Figure 4 shows the format of the processor 
signature 
for 
Intel386 
processors, 
which 
are 
different 
from 
other 
processors. 
Table 4 shows 
the values 
currently 
defined 
for these Intel386 processors. 


3.3. 
FeatureFlags 


When the EAX register 
contains a value of I, the CPUID 
instruction 
(in addition 
to loading the processor 
signature 


in the EAX 
register) 
loads 
the EDX 
register 
with 
the 
feature 
flags. The current 
feature 
flags (when Flag = I) 
indicate 
what 
features 
the 
processor 
supports. 
Table 5 


lists the currently 
defined feature flag values. 


For 
future 
processors, 
refer 
to 
the 
programmer's 
reference 
manual, 
user's 
manual, 
or 
the 
appropriate 
documentation 
for the latest feature flag values. 


Use the feature 
flags in your applications 
to determine 
which 
processor 
features 
are 
supported. 
By using 
the 


. CPUID 
feature 
flags to predetermine 
processor 
features, 
your software 
can detect and avoid incompatibilities. 


3.4. 
CacheSizeand Format 
Information 


When the EAX register 
contains 
a value of 2, the CPUID 
instruction 
loads the EAX, EBX, ECX and EDX registers 
with 
descriptors 
that 
indicate 
the 
processor's 
cache 
characteristics. 
The lower 8 bits of the EAX register 
(AL) 
contain 
a value 
that identifies 
the number 
of times 
the 
CPUID has to be executed 
to obtain a complete 
image of 
the 
processor's 
caching 
systems. 
For 
example, 
the 
Pentium 
Pro processor 
returns a value of I in the lower 8 


bits 
of the 
EAX 
register 
to indicate 
that 
the 
CPUID 


instruction 
need only be executed 
once (with EAX = 2) 
to 
obtain 
a 
complete 
image 
of· 
the 
processor 
configuration. 
. 


31 
15 
11 
7 
3 
0 


1 
I 
1 
1 
1 
" 
A 
/" 
/, 
/ 
j 
J 
J 
J 


000813 


RESET ~ EOX 
1__::-''----'--'''-- 
= 
''- 


Model --------------------~------- 
Family ---------------:----.---,--------------- 


Major Stepping 
-------------------------------------------- 
Minor Stepping 
------------------------------------------------------- 


Intel Reserved. Do not define. 


Figure 
4. Processor 
Signature 
Format 
on Intel386™ 
Processors 
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Type 
Family 
Major Stepping 
Minor Stepping 
Description 


סס oo 
0011 
0000 
xxxx 
Intel386™ DX processor 


0010 
0011 
0000 
xxxx 
Intel386 SX processor 


0010 
0011 
0000 
xxxx 
Intel386 CX processor 


0010 
0011 
0000 
xxxx 
Intel386 EX processor 


0100 
0011 
0000 and 0001 
xxxx 
Intel386 SL processor 


סס oo 
0011 
0100 
xxxx 
RapidCAD ™ coprocessor 


Table 4. Intel386™ 
Processor 
Signatures 


Description 
when 
Bit 
Name 
Flag = 1 
Comments 


0 
FPU 
Floating-point unit 
The processor contains an FPU that supports the Intel 387 floating- 
on-chip 
point instruction set. 


1 
VME 
Virtual Mode 
The processor supports extensions to virtual-8086 mode. 


Extension 


2 
DE 
Debugging 
The processor supports 1/0 breakpoints, including the CR4.DE bit for 
Extension 
enabling debug extensions and optional trapping of access to the 
DR4 and DR5 registers. 


3 
PSE 
Page Size 
The processor supports 4-Mbyte pages. 


Extension 


4 
TSC 
Time Stamp 
The RDTSC instruction is supported including the CR4.TSD bit for 


Counter 
access/privilege 
control. 


5 
MSR 
Model Specific 
Model Specific Registers are implemented with the RDMSR, 


Registers 
WRMSR instructions 


6 
PAE 
Physical Address 
Physical addresses greater than 32 bits are supported. 


Extension 


7 
MCE 
Machine Check 
Machine Check Exception, Exception 18, and the CR4.MCE enable 
Exception 
bit are supported 


8 
CX8 
CMPXCHG8 
The compare and exchange 8 bytes instruction is supported. 


Instruction 
Supported 


9 
APIC 
On-chip APIC 
The processor contains a local APIC. 


Hardware 
Supported (1) 


10 
MTRR 
Reserved 
00 not count on their value. 


11 
• 
SEP 
Fast System Call 
Indicates whether the processor supports the Fast.System Call 
instructions, SYSENTER and SYSEXIT. NOTE: Refer to Section 3.5 
for further information regarding SYSENTERI SYSEXIT feature and 
SEP feature bit. 


12 
MTRR 
Memory Type 
The Processor supports the Memory Type Range Registers 
Range Registers 
specifically the MTRR 
CAP register. 


13 
PGE 
Page Global 
The global bit in the PDEs and PTEs and the CR4.PGE enable bit 


Enable 
are supported. 


14 
MCA 
Machine Check 
The Machine Check Architecture is supported, specifically the 


Architecture 
MCG CAP register. 


Table 5. Feature 
Flag Values 
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Technology 
MMX technology 
extensions to Intel Architecture. 


supported 


24 
FXSR 
Fast floating point 
Indicates whether the processor supports the FXSAVE and 
save and restore 
FXRSTOR instructions for fast save and restore of the floating 
point context. Presence of this bit also indicates that CR4.0SFXSR 
is available for an operating system to indicate that it usesthe 
fast 


save/restore instructions. 


25-31 
Reserved 
Do not count on their value. 


NOTE: 
1. The processor contains a software-accessible Local APIC. 


The remainder 
of the EAX register, 
and the EBX, ECX, 
and 
EDX 
registers, 
contain 
valid 
8 
bit 
descriptors. 
Table 6 shows that a most significant 
bit of zero indicates 
a valid 
8-bit 
descriptor. 
To decode 
descriptors, 
move 
sequentialiy 
from the most significant 
byte of the register 
down through 
the least significant 
byte of the register. 


Table 7 
lists 
the 
current 
descriptor 
values 
and 
their 


respective 
cache 
characteristics. 
This, 
list 
will 
be 
extended 
in the future as necessary. 


Table 6. Descriptor 
Formats 


Register 
Descriptor 
MSB 
Type 
Description 


1 
Reserved 
Reserved 
for future use. 


0 
8 bit 
Descriptors 
point to a 


descriptors 
parameter 
table to 
identify cache 
characteristics. 
The 
descriptor 
is null if it has 
a 0 value. 
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Descriptor 
Value 
Cache 
Description 


OOh 
Null 


01h 
Instruction 
TLB, 4K pages, 4-way set associative, 
32 entries 


02h 
Instruction 
TLB, 4M pages, fully associative, 
2 entries 


03h 
Data TLB, 4K pages, 4-way set associative, 
64 entries 


04h 
Data TLB, 4M pages, 4-way set associative, 
B entries 


06h 
Instruction 
cache, BK, 4-way set associative, 
32 byte line size 


~- 
OBh 
16KB instruction 
cache, 4-way set associative, 
32 byte line size 


OAh 
Data cache, BK, 2-way set associative, 
32 byte line size 


OCh 
I 
16KB data cache, 2-way set associative, 
32 byte line size 


40h 
No L2 cache 


41h 
Unified cache, 32 byte cache line,4-way 
set associative, 
12BK 


42h 
Unified cache, 32 byte cache line, 4-way set associative, 
256K 


43h 
Unified cache, 32 byte cache line, 4-way set associative, 
512K 


, 
44h 
Unified cache, 32 byte cache line, 4-way set associative, 
1M 


45h 
Unified cache, 32 byte cache line, 4-way set associative, 
2M 


Table 7_ Descriptor 
Decode 
Values 


Table 8. Pentlum~ 
Pro Processor, 
with 256K L2 Cache, 
CPUID (EAX=2) 
Example 
Return 
Values 
31 
23 
15 
7 
0 


EAX 


EBX 


ECX 


EDX 


03h 
02h 
01h 
01h 


0 
0 
0 
0 


0 
0 
0 
0 


06h 
04h 
OAh 
42h 
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3.5. 
SYSENTERlSYSEXIT - SEP 
Features Bit 


The 
presence 
of 
this 
facility 
is 
indicated 
by 
the 


SYSENTER 
Present 
(SEP) 
bit 
II 
of 
CPUID. 
An 


operating 
system that detects the presence 
of the SEP bit 


must 
also 
qualify 
the 
processor 
family 
and 
model 
to 


ensure 
that 
the 
SYSENTERlSYSEXIT 
instructions 
are 


actually present: 


If (CPUID SEP bit is set) { 
If (Family == 6) AND (Model < 3) AND 


(Stepping < 3) { 
THEN 
Fast System Call is NOT supported 


} 
ELSE Fast System Call is 


supported 


The Pentium Pro processor 
(Model = I) returns a set SEP 


CPU ID feature bit, but should not be used by software. 


3.6. 
Pentium@ Pro Processor 
Output Example 


The Pentium 
Pro processor 
returns 
the values 
shown 
in 


Table 8. As the value of AL = I, it is valid to interpret the 
remainder 
of the registers 
according 
to Table 7. Table 8 


also shows that the MSB of the EAX register 
is O. This 


indicates 
that 
the 
upper 
8 
bits 
constitute 
an 
8 
bit 


descriptor. 
The remaining 
register values in Table 8 show 


that the Pentium 
Pro processor 
has the following 
cache 


characteristics: 


• 
A data 
TLB 
that 
maps 
4K 
pages, 
is 
4 
way 
set 


associative, 
and has 64 entries. 


• 
An 
instruction 
TLB 
that 
maps 
4M 
pages, 
is fully 


associative, 
and has 2 entries. 


• 
An instruction 
TLB that maps 4K pages, is 4 way set 


associative, 
and has 32 entries. 


• 
An 
instruction 
cache 
that 
is 
8K, 
is 
4 
way 
set 


associative, 
and has a 32 byte line size. 


• 
A data 
TLB 
that 
maps 
4M 
pages, 
is 4 
way 
set 


associative, 
and has 8 entries. 


• 
A data cache that is 8K, is 2 way set associative, 
and 


has a 32 byte line size. 


• 
A unified cache that is 256K, is 4 way set associative, 
and has a 32 byte line size. 


3.7. 
Pentium@ 11Processor, Model 3' 
Output Example 


The 
Pentium II processor. 
model 
3 returns 
the 
values 


shown 
in Table 9. If the value 
of AL=I, 
it is valid 
to 


interpret 
the 
remainder 
of 
the 
registers 
according 
to 


Table 7. Table 9 also shows the MSB of EAX register 
is 


O. As with the Pentium 
Pro processor 
this indicates 
the 


upper 8 bits constitute 
an 8 bit descriptor. 
The remaining 


register values in Table 9 shows the Pentium 
II processor 


has the following 
cache characteristics: 


• 
A data 
TLB 
that 
maps 
4K 
pages, 
is 
4 
way 
set 


associative, 
and has 64 entries. 


• 
An instruction 
TLB 
that 
maps 
4M 
pages, 
is fully 


associative, 
and has 2 entries. 


• 
An instruction 
TLB that maps 4K pages, is 4 way set 


associative, 
and has 32 entries. 


• 
A data cache that is 16K, is 4 way set associative, 
and 


has a 32 byte line size. 


• 
A data 
TLB 
that 
maps 
4M 
pages, 
is 4 
way 
set 


associative, 
and has 8 entries. 


• 
An 
instruction 
cache 
that 
is 
16K, 
is 
4 
way 
set 


associative, 
and has a 32 byte line size. 


I 


• 
A unified cache that is 512K, is 4 way set associative, 
and has a 32 byte line size. 


Table 9. 
Pentium® 
11Processor, 
model 3 with 512K L2 Cache, CPUID (EAX=2) Example Return Values 


31 
23 
15 
7 
0 


EAX 


EBX 


ECX 


EDX 


03h 
02h 
01h 
01h 


0 
0 
0 
0 


0 
0 
0 
0 


OCh 
04h 
08h 
43h 
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4.0. 
USAGE GUIDELINES 


This 
document 
presents 
Intel-recommended 
feature- 
detection 
methods. 
Software 
should 
not try to identify 


features 
by 
exploiting 
programming 
tricks, 
undocumented 
features, 
or otherwise 
deviating 
from the 


guidelines 
presented 
in this application 
note. 


The 
following 
guidelines 
are 
intended 
to 
help 
programmers 
maintain 
the widest range of compatibility 
for their software. 


• 
Do not depend 
on the absence 
of an invalid 
opcode 
trap 
on 
the 
CPUID 
opcode 
to detect 
the 
CPUID 
instruction. 
Do 
not 
depend 
on 
the 
absence 
of an 
invalid opcode trap on the PUSHFD 
opcode 
to detect 
a 32-bit processor. 
Test the ID flag, as descr.ibed in 
Section 2.0. and shown in Section 5.0. 


• 
Do not assume 
that a given family or model has any 
specific 
feature. 
For 
example, 
do 
not 
assume 
the 
family value 5 (Pentiumw processor) 
means there is a 
floating-point 
unit on-chip. 
Use the feature 
flags for 
this determination. 


• 
Do 
not 
assume 
processors 
with 
higher 
family 
or 
model 
numbers 
have all the features 
of a processor 
with a lower family or model number. For example, 
a 
processor 
with 
a family 
value 
of 6 (Pentium 
Pro 
processor) 
may not necessarily 
have all the features 
of a processor 
with a family value of 5. 


• 
Do not assume 
that the features 
in the OverDrive® 
processors 
are the same as those in the OEM version 
of 
the 
processor. 
Internal 
caches 
and 
instruction 
execution 
might vary. 


• 
Do not use undocumented 
features 
of a processor 
to 
identify 
steppings 
or 
features. 
For 
example, 
the 
Intel386™ 
processor 
A-step 
had bit instructions 
that 
were 
withdrawn 
with 
B-step. 
Some 
software 
attempted 
to execute 
these instructions 
and depended 
on the invalid-opcode 
exception 
as a signal that it was 
not running 
on the A-step part. The software 
failed to 
work correctly 
when the Intel486™ 
processor 
used 
the 
same 
opcodes 
for 
different 
instructions. 
The 
software 
should 
have used the stepping 
information 
in the processor 
signature. 


• 
Test 
feature 
flags 
individually 
and 
do 
not 
make 
assumptions 
about 
undefined 
bits. 
For 
example, 
it 
would be a mistake to test the FPU bit by comparing 
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the 
feature 
register 
to a binary 
I with 
a compare 
instruction. 


• 
Do not assume 
the clock of a given family 
or model 
runs at a specific 
frequency, 
and do not write clock- 
dependent 
code, 
such as timing 
loops. 
For instance, 
an OverDrive 
processor 
could 
operate 
at a higher 
internal 
frequency 
and 
still report 
the same 
family 
and/or 
model. 
Instead, 
use 
the 
system's 
timers 
to 
measure elapsed 
time. For processors 
that support 
the 
TSC 
(Time 
Stamp 
Counter) 
functionality, 
system 
timers can more directly 
calibrate 
the processor 
core 
block. 


• 
Processor 
model-specific 
registers 
may differ among 
processors, 
including 
in 
various 
models 
of 
the 
Pentium 
processor. 
Do not use these registers 
unless 
identified 
for 
the 
installed 
processor. 
This 
is 
particularly 
important 
for systems 
upgradeable 
with 
an OverDrive 
processor. 
Only 
use 
Model 
Specific 
registers 
that are defined 
in the BIOS 
writers 
guide 
for that processor. 


• 
Do not rely on the result of CPUID 
algorithm 
when 
executed 
in virtual 8086 mode. 


• 
Do not assume 
any ordering 
of stepping 
numbers. 


They are assigned 
arbitrarily. 


5.0. 
PROPER IDENTIFICATION 
SEQUENCE 


The 
cpuid Ia.asm 
program 
example 
demonstrates 
the 
correct use of the CPU ID instruction. 
(See Example 
I.) It 
also shows how to identify 
earlier 
processor 
generations 
that do not implement 
the processor 
signature 
or CPUID 
instruction. 
(See 
Figure 5.) 
This 
program 
example 
contains the following 
two procedures: 


. get_cpu_type 
identifies 
the processor 
type. Figure 5 
illustrates 
the flow of this procedure. 


get_fpu_type 
determines 
the type 
of floating-point 
unit (FPU) or math coprocessor 
(MCP). 


This 
procedure 
has 
been 
tested 
with 
8086, 
80286, 
Intel386, 
Intel486, 
Pentium 
processor, 
Pentium 
processor 
with MMX technology, 
OverDrive 
processor 
with MMX 
technology, 
Pentium 
Pro 
processors 
and 
Pentium 
II 
processors 
with 
MMX 
technology. 
This 
program 
example 
is written 
in assembly 
language 
and is suitable 
for inclusion 
in a run-time 
library, 
or as system 
calls in 
operating 
systems. 
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No 


- 
LI 
__ 
C_D_U_'_V_DV__ =_~~ 


Yes 


If hlahest InDut value Is at least 1. 
execute CPUID with InDUt of 1 In 
EAX to obtain model. steeninq, 


famllv. and features. 


Save In CDU tVDe. steDDlna. 
model. and feature 
flaas. 


000006 
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CDuld flaa = 1; Indicates 
CPUID Instruction 
present, 
Yes 
Execute CPUID wHh InDut of 0 
to aet vendor ID strlna and 
InDUt values for EAJt 


Figure 5. Flow of Processor get_cpu_type 
Procedure 
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6.0. 
USAGE PROGRAM EXAMPLES 


The 
cpuid3b.asm 
or 
cpuid3.c 
program 
examples 
demonstrate applications that call get_cpu_type 
and 
get_fpu_type 
procedures and interpret the returned 
information. This code is shown in Example 2 and 
Example 3. The results. which are displayed on the 


monitor. identify the installed processor and features. 
The 
cpuid3b.asm 
example 
is 
written 
in 
assembly 
language and demonstrates an application that displays 
the returned information in the DOS environment. The 
cpuid3.c example is written in the C language (see 
Example 2 
and 
Example 3). 
Figure 6 
presents 
an 
overview of the relationship between the three program 
examples. 


cpuid3b.ASM or cpuid3.C 


Main 


Call 
cpu_type 
Call 
fpu_type 


Processor 
features check 
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Example 1. Processor Identification 
Extraction Procedure 


Filename: 
cpuid3a.asm 
Copyright 
1993, 1994, 1995, 1996, 1997 by Inte1 Corp. 


This program 
has been developed 
by 1nte1Corporation. 
Intel 
has various intellectual 
property rights which it may assert 
under certain circumstances, 
such as if another 
manufacturer's 
processor 
rnis-identifies 
itself as being 


"Genuinelntel" 
when the CPU ID instruction 
is executed. 


Intel specifically 
disclaims 
all warranties, 
express or 
implied, 
and all liability , including 
consequential 
and other 
indirect damages,for 
the use of this program, 
including 


liability for infringement 
of any proprietary 
rights, 
and including 
the warranties 
of merchantability 
and fitness 
for a particular 
purpose. 
Intel does not assume any 
responsibility 
for any errors which may appear in this program 
nor any responsibility 
to update it. 


This code contains 
two procedures: 


-!Seccpu_type: 
Identifies 
processor 
type in _cpu_type: 


0=8086/8088 
processor 
2=Intel 286 processor 
3=InteI386(TM) 
family processor 
4=InteI486(TM) 
family processor 
5=Pentium(R) 
family processor 
6=P6 family of processors 


-!Setjpu_type: 
Identifies 
FPU type in jpu_type: 


O=FPU not present 
I=FPU present 
2=287 present (only if 3pu_type=3) 
3=387 present (only if _cpu_type=3) 


This program has been tested with the Microsoft 
Developer 
Studio. 
This code correctly 
detects the current Intel 8086/8088, 
80286, 80386, 80486, Pentium(R), 
Pentium(R) 
Pro, and Pentium(R) 
II 
processors 
in the real-address 
mode only. 


To assemble 
this code with TASM, add the JUMPS directive. 
jumps 
; Uncomment 
this line for TASM 


TITLE 
cpuid3a 


comment 
this line for 32-bit segments 


DOSSEG 


uncomment 
the following 
2 lines for 32-bit segments 


.38'6 
.model 
flat 
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.model 
small 


comment 
this line for 32-bit segments 


CPU_ID MACRO 
db 
Ofh 
db 
Oa2h 
ENDM 


.data 
public 
public 
public 


public 
public 
public 
public 
public 
public 
public 
public 


_cpu_type 
_fpu_type 
_v86_flag 
3puid_flag 
_intel_CPU 
_vendor_id 
3pu_signature 
_features_ecx 
_features_edx 
_features_ebx 
_sep_flag 


_cpu_type 
jpu_type 
_v86_flag 
_cpuid_flag 
_intel_CPU 
_sep_flag 
_vendor_id 
inteljd 
db 
_cpu_signature 
dd 
jeatures_ecx 
dd 
jeatures_edx 
dd 
_features_ebx 
dd 
fp_status 


.code 


; Hardcoded 
CPU ID instruction 


-. 


db 
0 
db 
0 
db 
0 
db 
0 
db 
0 


db 
0 


db 
------------ 
"GenuineIntel" 
o 
o 
o 
o 
dw 
0 


comment 
this line for 32-bit segments 


.8086 


uncommentthis 
line for 32-bit segments 


.386 


;********************************************************************* 


public 
_geccpu_type 


--J;eccpu_type 
proc 


This procedure 
determines 
the type of processor 
in a system 


and sets the 3pu_type 
variable with the appropriate 


value. 
If the CPUID instruction 
is available, 
it is used 
to determine 
more specific details about the processor. 


All registers are used by this procedure, 
none are preserved. 
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mov 
and 
push 
popf 
pushf 
pop 
and 
cmp 
mov 
jne 
push 
.poP 
cmp 
jne 
mov 
jmp 


.286 
check_80286: 
smsw 
and 
mov 


or 
push 
popf 
pushf 
pop 
and 
mov 
jz 


cX,ax 
ax,Offfh 
ax 


; save original FLAGS 
; clear bits 12-15 in FLAGS 
; save new FLAGS value on stack 
; replace current FLAGS value 
; get new FLAGS 
; store new FLAGS in AX 
; if bits 12-15 are set, then 
; 
processor 
is an 8086/8088 
; turn on 8086/8088 
flag 
; go check for 80286 
; double check with push sp 
; if value pushed was different 
means it's really not an 8086 
; jump if processor 
is 8086/8088 
; indicate unknown 
processor 


ax 
ax,OfOOOh 
ax,OfOOOh 
_cpu_type, 
0 
check_80286 
sp 
dx 
dx, sp 
end_cpu_type 
_cpu_type, 
!Oh 
end_cpu_type 


Intel 286 processor 
check 
Bits 12-15 of the FLAGS register are always clear on the 
Intel 286 processor 
in real-address 
mode . 


ax 
ax, I 
_v86_f1ag, al 


; save machine status word 
; isolate PE bit of MSW 
; save PE bit to indicate V86 


cX,OfOOOh 
cx 
; try to set bits 12-15 
; save new FLAGS value on stack 
; replace current FLAGS value 
; get new FLAGS 
; store new FLAGS in AX 
; if bits 12-15 are clear 
; processor=80286, 
turn on 80286 flag 
; jump if processor 
is 80286 


ax 
ax,OfOOOh 
_cpu_type, 
2 
end_cpu_type 


Intel386 
processor 
check 
The AC bit, bit #18, is a new bit introduced 
in the EFLAGS 
register on the Intel486 
processor 
to generate alignment 
faults. 
This bit cannot be set on the InteJ386 processor. 


.386 
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"STOP" 


; it is safe to use 386 instructions 
check_80386: 


pushfd 
pop 
mov 
xor 
push 
popfd 
pushfd 
pop 
xor 
mov 
jz 


eax 
ecx,eax 
eax,40000h 
eax 


; push original EFLAGS 


; get original EFLAGS 


; save original EFLAGS 


; flip AC bit in EFLAGS 
; save new EFLAGS 
value on stack 
; replace current EFLAGS 
value 
; get new EFLAGS 


; store new EFLAGS 
in EAX 


; can't toggle AC bit, processor=80386 
; turn on 80386 processor 
flag 


;jump if 80386 processor 


eax 
eax,ecx 
_cpu_type, 
3 
end_cpu_type 


push 
popfd 
ecx 


. ; restore AC bit in EFLAGS 
first 


Intel486 processor 
check 
Checking 
for ability to set/clear ID flag (Bit 21) in EFLAGS 


which indicates the presence 
of a processor 
with the CPU ID 


instruction . 


.486 
check_80486: 


mov 
mov 
xor 
push 
popfd 
pushfd 
pop 
xor 
je 


3pu_type,4 
eax,ecx 
eax,20000Qh 
eax 


; turn on 80486 processor 
flag 


; get original EFLAGS 
; flip ID bit in EFLAGS 


; save new EFLAGS 
value on stack 
; replace current EFLAGS 
value 
; get new EFLAGS 


; store new EFLAGS 
in EAX 


; can't toggle ID bit, 
; processor=80486 


eax 
eax,ecx 
end_cpu_type 


Execute CPUID instruction 
to not determine 
vendor, family, 


.model, stepping and features. 
For the purpose of this 
code, only the initial set of CPUID information 
is saved. 


mov 
_cpuid_flag, 
I 
push 
ebx 
push 
esi 
push 
edi 
mov 
eax,O 
CPU_ID 


; flag indicating 
use of CPUID inst. 


; save registers 


; set up for CPUID instruction 
; get and save vendor ID 


mov 
dword ptr _vendor_id, 
ebx 


mov 
dword ptr _vendor_id[+4), 
edx 


mov 
dword ptr _vendor_id[+8), 
ecx 


cmp 
dword ptr intel jd, ebx 


jne 
end_cpuid_type 
cmp 
dword ptr inteUd[+4), 
edx 


jne 
end_cpuid_type 
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cmp 
jne 
dword ptr inteljd] +8], ecx 
end_cpuid_type 
; if not equal, not an Intel processor 


mov 
_intel_CPU, 
I 


cmp 
eax, I 


jl 
endcpuid 
jype 
mov 
eax, I 
CPU_ID 
mov 
_cpu_signature, 
eax 
mov 
jeatures_ebx, 
ebx 


mov 
jeatures_edx, 
edx 


mov 
_features_ecx, 
ecx 


; indicate an Intel processor 
; make sure I is valid input for CPU ID 
; if not, jump to end 


; get family/model/stepping/features 


shr 
and 
mov 


eax, 8 
eax,Ofh 
_cpu_type, 
al 


; isolate family 


; set _cpu_type 
with family 


end_cpuid_type: 


pop 
edi 


pop 
esi 


pop 
ebx 


; restore registers 


comment 
this line for 32-bit segments 


.8086 
end_cpu_type: 
ret 
~et3pu_type 
endp 


.********************************************************************* 


public 
_gecfpu_type 
~ecfpu_type 
proc 


This procedure 
determines 
the type of FPU in a system 


and sets the _fpu_type 
variable with the appropriate 
value. 
All registers 
are used by this procedure, 
none are preserved. 


Coprocessor 
check 
The algorithm 
is to determine 
whether the floating-point 


status and control words are present. 
If not, no 


coprocessor 
exists. 
If the status and control words can 


be saved, the correct coprocessor 
is then determined 


depending 
on the processor 
type. 
The Intel386 
processor 
can 


work with either an Intel287 NOP or an Intel387 NOP. 
The infinity of the coprocessor 
must be checked 
to determine 


the correct coprocessor 
type. 


fninit 
mov 
fnstsw 
mov 
cmp 
mov 
jne 


fp_status, 
5a5ah 


fp_status 
ax, fp_status 
aI,O 
_fpu_type, 
0 


end_fpu_type 


; reset FP status word 
; initialize 
temp word to non-zero 


; save FP status word 
; check FP status word 


; was correct status written 


; no FPU present 
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check_control_ 
word: 


fnstcw 
fp_status 
mov 
ax, fp_status 
and 
ax, 103fh 


cmp 
ax,3fh 


mov 
_fpu_type, 
0 


jne 
end jpu jype 
mov 
jpu_type, 
I 


; save FP control word 
; check FP control word 


; selected parts to examine 


; was control word correct 


; incorrect 
control word, no FPU 


80287/80387 
check for the Intel386 processor 


check_infinity: 


cmp 
jne 
f1dl 
f1dz 
fdiv 
f1d 
fchs 
fcompp 
fstsw 
mov 
mov 
sahf 
jz 
mov 
end_fpu_type: 


ret 


~etjpu_type 
end 


3pu_type,3 
end_fpu_type 


st 


;must use default control from FNINIT 
; form infinity 
; 8087/Inte1287 
NDP say +inf = -inf 


; form negative infinity 
; Intel387 NDP says +inf <> -inf 
; see if they are the same 


; look at status from FCOMPP 
fp_status 
ax, fp_status 
_fpu_type, 
2 
; store Intel287 NDP for FPU type 


; see if infinities 
matched 


; jump if 8087 or Intel287 
is present 


; store Intel387 NDP for FPU type 


end_fpu_type 
_fpu_type, 
3 


endp 


Example 
2. Processor 
Identification 
Procedure 
in Assembly 
Language 


Filename: 
cpuid3b.asm 
Copyright 
1993, 1994, 1995, 1996, 1997 by Intel Corp. 


This program has been developed 
by Intel Corporation. 
Intel 
has various intellectual 
property rights which it may assert 


under certain circumstances, 
such as if another 


manufacturer's 
processor 
mis-identifies 
itself as being 


"Genuinelntel" 
when the CPUID instruction 
is executed. 


Intel specifically 
disclaims 
all warranties, 
express or 


implied, and all liability, 
including consequential 
and 


other indirect damages, 
for the use of this program, 


including 
liability for infringement 
of any proprietary 
rights, and including 
the warranties 
of merchantability 
and 
fitness for a particular 
purpose. 
Intel does not assume any 
responsibility 
for any errors which may appear in this 
program nor any responsibility 
to update it. 


This program contains three parts: 
Part I: 
Identifies 
processor 
type in the variable 
3pu_type: 
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jumps 


TITLE 
cpuid3b 


I 


comment 
this line for 32-bite segments 


DOSSEG 


; Uncomment 
this line for TASM 


uncomment 
the following 
2 lines for 32-bit segments 


.386 
.model 
flat 


comment 
the following 
line for 32-bit segments 


.model 
small 


.stack 
100h 


.data 
extrn 
extrn 
extrn 
extrn 
extrn 
extrn 
extrn 
extrn 
extrn 
extrn 


_cpu_type: 
_fpu_type: 
_cpuid_flag: 
_intel_CPU: 
_vendocid: 
_sep_flag: 
_cpu_signature: 
_features_ecx: 
_features_edx: 
_features_ebx: 


byte 
byte 
byte 
byte 
byte 
byte 
dword 
dword 
dword 
dword 


The purpose of this code is to identify the processor and 
coprocessor 
that is currently 
in the system. 
The program 


first determines 
the processor 
type. 
Then it determines 
whether a coprocessor 
exists in the system. 
If a 
coprocessor 
or integrated 
coprocessor 
exists, the program 
identifies 
the coprocessor 
type. 
The program then prints 
the processor 
and floating point processors 
present and type . 


.code 
comment 
this line for 32-bit segments 
.8086 
start: 
comment 
the next three lines for 32-bit segments 
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ax, @data 
ds,ax 
es, ax 
sp, not 3 
~eccpu_type 
~ecfpu_type 
print 
ax,4cOOh 
21h 


; set segment register 
; set segment register 
; align stack to avoid AC fault 
; determine 
processor 
type 


; terminate 
program 


.********************************************************************* 
, 


.********************************************************************* 


extrn 
~ecfpu_type: 
proc 


;********************************************************************* 


FPU_FLAG 
VME_FLAG 
·DE_FLAG 
PSE_FLAG 
TSC_FLAG 
MSR_FLAG 
PAE_FLAG 
MCE_FLAG 
CX8_FLAG 
APIC_FLAG 
SEP_FLAG 
MTRR_FLAG 
PGE_FLAG 
MCA_FLAG 
CMOV_FLAG 
PAT_FLAG 
MM X_FLAG 
FXSR_FLAG 


.data 
id_msg 
db 


cp_error 
db 


cp_8086 
cp_286 
db 


cp_386 
db 


cp_486 
db 


cp_486sx 


fp_8087 
db 
fp_287 
db 


fp_387 
db 


intel486_msg 
db 


intel486dx_msg 
db 


equ OOOlh 
equ 0002h 
equ 0004h 
equ 0008h 
equ OOIOh 
equ 0020h 
equ 0040h 
equ 0080h 
equ OIOOh 
equ 0200h 
equ 0800h 
equ 1000h 
equ 2000h 
equ 4000h 
equ 8000h 
equ 10000h 
equ 800000h 
equ 1000000h 


"This system has a$" 
"n unknown 
processor$" 


db 
"n 8086/8088 
processor$" 
"n 80286 processor$" 
"n 80386 processor$" 


"n 80486DX, 
80486DX2 
processor 
or" 


db 
" 80487SX 
math coprocessor$" 
db 
"n 80486SX 
processor$" 


" and an 8087 math coprocessor$" 
" and an 80287 math coprocessor$" 
" and an 80387 math coprocessor$" 


" Genuine 
InteI486(TM) 
processor$" 


" Genuine InteI486(TM) 
DX processor$" 
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intel486sx_msg 
db 
inteldx2_msg 
db 
intelsx2_msg 
db 
inteldx4_msg 
db 
inteldx2wb_msg 
db 


pentium_msg 
pentiumpro_msg 
db 
pentiumiimode13_msg 
pentiumiimodel5_msg 
unknown_msg 


" Genuine 
InteI486(TM) 
SX processor$" 
" Genuine 
InteIDX2(TM) 
processor$" 
" Genuine InteISX2(TM) 
processor$" 


" Genuine 
InteIDX4(TM) 
processor$" 


" Genuine 
Write-Back 
Enhanced" 
db 
" InteIDX2(TM) 
processor$" 
db 
" Genuine Intel Pentium(R) 
processor$" 
" Genuine Intel Pentium(R) 
Pro processor$" 
db 
" Genuine 
Intel Pentium(R) 
II processor, 
model 3$" 
db 
" Genuine 
Intel Pentium(R) 
II processor, 
model 5$" 
db 
"n unknown 
Genuine 
Intel processor$" 


; The following 
16 entries must stay intact as an array 
intel_ 486_0 
intel_ 486_1 
intel_ 486_2 
intel_ 486_3 
intel , 486_4 
intel_ 486_5 
intel_ 486_6 
intel_ 486_7 
intel_ 486_8 
intel_ 486_9 
intel_ 486_a 
intel_ 486_b 
intel_4863 
intel_ 486_d 
intel_ 486_e 
intel_ 486_f 


dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 


offset intel486dx_msg 
offset intel486dx_msg 
offset intel486sx_msg 
offset inteldx2_msg 
offset intel486_msg 
offset intelsx2_msg 
offset intel486_msg 
offset inteldx2wb_msg 
offset inteldx4_msg 
offset intel486_msg 
offset intel486_msg 
offset intel486_msg 
offset intel486_msg 
offset intel486_msg 
offset intel486_msg 
offset intel486_msg 


comment 
the above entries for the array & uncomment 
the entries below for 
for 32-bit segments 


.intel , 486_0 
.intel , 486_1 
;intel_ 486_2 
.intel , 486_3 
;intel_ 486_ 4 
;intel_ 486_5 
;intel_ 486_6 
.intel , 486_7 
;intel_ 486_8 
;intel_ 486_9 
;intel_ 486_a 
;intel_ 486_b 
;intel_ 4863 
;intel_ 486_d 
;intel_ 486_e 
;intel_ 486_f 


; end of array 


family_msg 
model jnsg 
stepping_msg 
db 


crjf 


dd 
dd 
dd 
dd 
dd 
dd 
dd 
dd 
dd 
dd 
dd 
dd 
dd 
dd 
dd 
dd 


offset intel486dx_msg 
offset intel486dx_msg 
offset intel486sx_msg 
offset inteldx2_msg 


. offset intel486_msg 
offset intelsx2_msg 
offset intel486_msg 
offset inteldx2wb_msg 
offset inteldx4_msg 
offset intel486_msg 
offset intel486_msg 
offset intel486_msg 
offset intel486_msg 
offset intel486_msg 
offset intel486_msg 
offset intel486_msg 


db 
13, IO,"Processor 
Family: 
$" 
db 
J3,IO,"Model: 
$" 
13, IO,"Stepping: 
db 
13,10,"$" 
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patjnsg 


fxsrjnsg 


notjntel 


ASC_MSG 
MACRO 
LOCAL ascii_done 
add 
al,30h 
cmp 
al,39h 
jle 
ascii_done 
add 
al,07h 
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db 


db 
13, 10,''The processor 
is an OverDrive(R)" 
db 
" upgrade processor$" 
13,IO,"The 
processor 
is the upgrade" 
db 
" processor 
in a dual processor 
system$" 
db 
13, IO,''The processor 
contains 
an on-chip" 
db 
"FPU$" 
db 
13, IO,"The processor 
supports 
Virtual" 
db 
" Mode Extensions$" 
13, IO,''The processor 
supports 
Debugging" 
db 
" Extensions$" 


db 
13,1O,''The processor 
supports 
Page Size" 
db 
" Extensions$" 
13,10,''The 
processor 
supports Time Stamp" 
db 
" Counter$" 
db 
l'3,IO,"The 
processor 
supports Model" 
db 
" Specific Registers$" 
db 
13,IO,"The 
processor 
supports 
Physical" 
db 
" Address Extensions$" 
db 
13, IO,''The processor 
supports 
Machine" 
db 
" Check Exceptions$" 
db 
13,1O,''The processor 
supports 
the" 


db 
" CMPXCHG8B 
instruction$" 
db 
13,10,"The 
processor 
contains 
an on-chip" 
db 
"APIC$" 
db 
13, 1O,''The processor 
supports Fast System" 
db 
"Call$" 
db 
13, IO,''The processor 
does not support Fast" 
db 
" System Call$" 
db 
13,IO,"The 
processor 
supports 
Memory 
Type" 
db 
" Range Registers$" 
db 
13, IO,''The processor 
supports 
Page Global" 
db 
" Enable$" 
db 
13, IO,''The processor 
supports 
Machine" 
db 
" Check Architecture$" 
db 
13, IO,"The processor 
supports 
Conditional" 
db 
" Move Instruction$" 


db 
13,1O,''The processor 
supports 
Page 
Attribute" 
db 
"Table$" 
db 
13, IO,"The processor 
supports 
Intel Architecture" 
db 
" MMX(TM) 
Technology$" 
db 
13, IO,''The processor 
supports Fast floating point" 
db 
"save and restore$" 


db 


db 


db 
db 
db 
db 
db 
db 


"t least an 80486 processor." 
13,1O,"lt does not contain a Genuine" 
"Intel part and as a result," 
"the", 13, 10,"CPUID" 
" detection 
information 
cannot be" 
"determined 
at this tirne.S' 


msg 
; local label 


; is it 0-9? 
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ascii_done: 


mov 
mov 
mov 
int 


byte ptr msg[20], 
aI 
dx, offset msg 
ah,9h 
21h 
ENDM 


.code 


comment 
the following 
line for 32-bit segments 


.8086 


uncomment 
the following 
line for 32-bit segments 


.386 


print 
proc 


This procedure 
prints the appropriate 
cpuid string and 


numeric processor 
presence 
status. 
If the CPUID instruction 
was used, this procedure 
prints out the CPUID info. 


All registers 
are used by this procedure, 
none are 
preserved. 


In the balance of the assembly 
code there are lines that are required 
for 


tools that support 32-bit segments 
only. 
If problems 
occur during the 
build process, try uncommenting 
the lines that are near duplicates 
of the 
lines following 
them. 
These will be the necessary 
changes to get code for 
32-bit segments. 


mov 
edx, offset id_msg 
mov 
dx, offset id_msg 
mov 
ah,9h 
int 
21h 


cmp 
_cpuid_flag, 
I 


je 
printcpuidjdata 


princ86: 


cmp 
3pu_type, 
0 . 


jne 
princ286 
mov 
dx, offset cp_8086 
mov 
ah,9h 
int 
21h 
cmp 
jpu_type,O 
je 
end_print 
mov 
edx, offset fp_8087 
mov 
dx, offset fp_8087 
mov 
ah,9h 
int 
21h 
jmp 
end_print 


princ286: 
cmp 
3pu_type,2 


; print initial message 


; if set to I, processor 
; 
supports CPUID instruction 


; print detailed CPUID info 


1-92 
1998 PentiurrfB>Processor 
Databook 


in1et 


jne 
mov 
mov 
mov 
int 
cmp 
je 


prine386 
edx, offset cp_286 
dx, offset cp_286 
ah.9h 
2!h 
_fpu_type. 
0 
end_print 


prine287: 


moy edx, offset fp_287 
mov 
dx, offset fp_287 


mov 
ah.9h 
int 
2!h 
jmp 
end_print 


prine386: 
cmp 
jne 
mov 
mov 
mov 
int 
cmp 
je 
cmp 
je 
mov 
mov 
rnov 
int 
jmp 


prine486: 
cmp 
jne 
rnov 
mov 
cmp 
je 
mov 
mov 


print , 486sx: 


mov 
int 
jmp 


printunknown: 


mov 
rnov 
jmp 


printcpuid 
jtata: 


.486 
cmp 
jne 


_cpu_type. 
3 
prine486 
edx, offset cp_386 
dx, offset cp_386 
ah.9h 
2!h 
_fpu_type. 
0 
end_print 
_fpu_type. 
2 
prine287 
edx, offset fp_387 
dx, offset fp_387 
ah.9h 
2!h 
end_print 


3pu_type.4 
printunknown 
edx, offset cp_ 486sx 
dx, offset cp_ 486sx 
_fpu_type. 
0 
prine486sx 
edx, offset cp_ 486 
dx, offset cp., 486 


ah.9h 
2!h 
end_print 


edx, offset cp_error 
dx, offset cp_error 
prine486sx 


_inte!_CPU. 
! 
not , GenuineInte! 
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; Inte! processors 
will have 


; CPU ID instruction 


; check for genuine Inte! 
; 
processor 
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print_ 486_type: 


cmp 
jne 
mov 
mov 
shr 
and 
mov 
mov 
jmp 


cmp 
jne 
mov 
mov 
jmp 


3pu_type,4 
printpentium 
jype 
eax, dword ptr 3pu_signature 
ax, word ptr _cpu_signature 
ax,4 
eax,Ofh 
edx, intel_ 486_0[eax*2] 
dx, intel_ 486_0[eax*2] 
print .comrnon 


_cpu_type, 
5 
printpentiumpro 
jype 
edx, 
offset pentium_msg 
dx, offset pentium_msg 
printcommon 


prinrpentiumpro 
jype: 


cmp 
3pu_type, 
6 


jne 
printunknown 
jype 
mov 
eax, dword ptr _cpu_signature 
mov ax, word ptr _cpu_signature 
shr 
ax,4 
and 
eax,Ofh 
cmp 
eax, 3 
jge 
printpentiumiimodel.k 
type 
cmp eax, I 


jne 
mov 
printunknowntype 
_sep_flag, 
0 


; if 4, print 80486 processor 


; isolate model 


; if 5, print Pentium processor 


; if 6 & model I, print Pentium 
; Pro processor 


; isolate model 


; incorrect 
mode! number = 2 
; does not support Fast System 


; Call 
mov 
edx, offset pentiumpro_msg 
mov 
dx, offset pentiumpro_msg 
jmp 
printcommon 


printpentiumiimodel 
I _type: 
cmp 
eax,3 


jne 
mov 
printpentiumiimodelfirype 
eax, dword ptr _cpu_signature 
ax, word ptr _cpu_signature 
al,Ofh 
mov 
and 
cmp al, 3 
jl 
no_sep 
mov _sep_flag, I 
mov 
edx, offset pentiumiimodel3_msg 
mov 
dx, offset pentiumiimodel3_msg 
jmp 
printcomrnon 


mov 
mov 
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edx, offset pentiumiimode13_msg 
dx, offset pentiumiimodel3_msg 


; if 6 & model 3, print Pentium 


;IIprocessor, 
model 3 


; isolate stepping 


; stepping does not support 


; Fast System Call 
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jmp 


print_pentiumiimodeI5_type: 
cmp 
eax, 5 


jne 
mov 


prinrunknown 
jype 
_sep_flag, 
I 


mov 
edx, offset pentiumiimodel5_msg 
mov 
dx, offset pentiumiimodelS_msg 
jmp 
print_common 


print jmknown 
jype: 
mov 
edx, offset unknown_msg 
mov 
dx, offset unknown_msg 


printjcommon: 


mov 
int 
ab,9h 
21h 


; print family, model, and stepping 


print 
family: 
mov 
al,3pu_type 
ASC_MSG 
family _msg 


print jnodel: 


mov 
eax, dword ptr _cpu_signature 
mov 
ax, word ptr _cpu_signature 
shr 
ax,4 
and 
aI,Ofh 
ASC_MSG 
model_msg 


print_stepping: 
mov 
eax, dword ptr _cpu_signature 
mov 
ax, word ptr _cpu_signature 
and 
aI,Ofh 
ASC_MSG 
stepping_msg 


print_upgrade: 
mov 
mov 
test 
jz 
mov 
mov 
mov 
int 
jmp 


check_dp: 
test 
jz 
mov 
mov 
mov 


eax, dword ptr 3pu_signature 
ax, word ptr _cpu_signature 
ax, IOOOh 
check_dp 
edx, offset turbo_msg 
dx, offset turbo_msg 
ab,9h 
21h 
printfeatures 


ax,2000h 
print 
features 
edx, offset dp_msg 
dx, offset dp_msg 
ab,9h 
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; if 6 & model 5, print Pentium 
; 1I processor, 
model 5 


; Pentium 1I processor, 
model 5 
; supports sep flag 


; if neither, print unknown 


; print family msg 


; print model msg 


; print stepping msg 


; check for turbo upgrade 


; check for dual processor 
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mov 
eax, dword ptr _featuresedx 
mov 
ax, word ptr _features_edx 
and 
ax, VME_FLAG 
; check for VME 
jz 
check_DE 
mov 
eax, offset vme_msg 
mov 
dx, offset vme_msg 
mov 
ah,9h 
int 
2lh 


check_DE: 


mov 
eax, dword ptr _features3dx 
mov 
ax, word ptr _features_edx 
and 
ax, DE_FLAG 
; check for DE 
jz 
check]SE 
mov 
edx, offset de_msg 
mov 
dx, offset de_msg 
mov 
ah,9h 
int 
2lh 


check_PSE: 
mov 
eax, dword ptr _features_edx 
mov 
ax, word ptr _features_edx 


and 
ax, PSE_FLAG 
; check for PSE 
jz 
check_TSC 
mov 
edx, offset pse_msg 
mov 
dx, offset pse_msg 
mov 
ah,9h 
int 
2lh 


check_TSC: 


mov 
eax, dword ptr _features_edx 
mov 
ax, word ptr _features_edx 
and 
ax, TSCFLAG 
; check for TSC 
jz 
check_MSR 
mov 
edx, offset tsc_msg 
mov 
dx, offset tsc_msg 
mov 
ah,9h 
int 
2lh 


check_MSR: 


mov 
eax, dword ptr jeatures_edx 
mov 
ax, word ptr _features_edx 
and 
ax, MSR_FLAG 
; check for MSR 
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jz 
check_PAE 
mov 
edx, offset msr_msg 
mov 
dx, offset msr_msg 
mov 
ah,9h 
int 
21h 


check_PAE: 


mov 
eax, dword ptr _features_edx 
mov 
ax, word ptr jeatures_edx 
and 
ax, PAE_FLAG 
; check for PAE 


jz 
check_MCE 
mov 
edx, offset pae_msg 
mov 
dx, offset pae_msg 
mov 
ah,9h 
int 
21h 


check_MCE: 


mov 
eax, dword ptr _features_edx 
mov 
ax, word ptr _features_edx 
and 
ax, MCE_FLAG 
; check for MCE 


jz 
check_CX8 
mov 
edx, offset mce_msg 
mov 
dx, offset mce_msg 
mov 
ah,9h 
int 
21h 


check_CX8: 


mov 
eax, dword ptr _features_edx 
mov 
ax, word ptr _features_edx 
and 
ax, CX8_FLAG 
; check for CMPXCHG8B 


jz 
check_APIC 
mov 
edx, offset cx8_msg 


mov 
dx, offset cx8_msg 
mov 
ah,9h 
int 
21h 


check_APIC: 


mov 
eax, dword ptr _features3dx 
mov 
ax, word ptr _features_edx 
and 
ax, APIC_FLAG 
; check for APIC 


jz 
check_SEP 
mov 
edx, offset apic_msg 
mov 
dx, offset apic_msg 
mov 
ah,9h 
int 
21h 


checlc-SEP: 
cmp 
_sep_flag, 
I 
jne 
print jio jsep 
mov 
edx, offset sep_msg 
mov 
dx, offset sep_msg 
mov 
ah,9h 
int 
21h 
jmp 
check_MTRR 


princno_sep: 
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mov 
mov 


, mov 
int 


check_MTRR: 
mov 
mov 
and 
jz 
mov 
mov 
mov 
int 


check_PGE: 


mov 
mov 
and 
jz 
mov 
mov 
mov 
int 


check_MCA: 


mov 
mov 
and 
jz 
mov 
mov 
mov 
int 


check_CMOV: 


mov 
mov 
and 
jz 
mov 
mov 
mov 
int 


edx, offset _no_sep_msg 
dx, offset no_sep_msg 
ah,9h 
21h 


eax, dword ptr _features_edx 
ax, word ptr jeatures_edx 
ax, MTRR_FLAG 
check_PGE 
edx, offset mtrr_msg 
dx, offset rntrrjnsg 
ah,9h 
21h 


eax, dword ptr _features_edx 
ax, word ptr _features3dx 
ax, PGE_FLAG 
check_MCA 
edx, offset pge_msg 
dx, offset pge_msg 
ah,9h 
21h 


eax, dword ptr _features3dx 
ax, word ptr _features_edx 
ax, MCA_FLAG 
check_CMOV 
edx, offset mca_msg 
dx, offset mca_msg 
ah,9h 
21h 


eax, dword ptr _features_edx 
ax, word ptr _features_edx 
ax, CMOV _FLAG 
check_PAT 
edx, offset cmov_msg 
dx, offset cmov_msg 
ah,9h 
21h 


check_PAT: 


mov 
eax, dword ptr_features_edx 
mov 
eax, word ptr_features_edx 
and 
eax, PAT_FLAG 
jz 
check_mm x 
mov 
edx, offset patmsg 
mov 
dx, offset patjnsg 
mov 
ah,9h 
int 
21h 


; check for MTRR 


; check for PGE 


; check for MCA 


; check for CMOV 
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rnov 
rnov 
and 
jz 
rnov 
rnov 
rnov 
in! 
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rnov 
rnov 
and 
jz 
rnov 
rnov 
rnov 
int 


eax, dword ptr _features_edx 
eax, word ptr _features_edx 
eax, MM X_FLAG 
check_fxsr 
edx, offset rnrnx_rnsg 
dx, offset mrnx_msg 
ah,9h 
21h 


; check for MMX technology 


eax, dword ptr _features3dx 
eax, word ptr _features_edx 
eax, FXSR_FLAG 
end_print 
edx, offset fxsrrnsg 
dx, offset fxsr_rnsg 
ah,9h 
21h 


; check for FXSR 


jrnp 
end_print 


not , Genuinelntel: 
rnov 
edx, offset notjntel 
rnov 
dx, offset notjntel 
rnov 
ah,9h 
int 
21h 


end_print: 
rnov 
.mov 
rnov 
int 
ret 
print 
endp 


end 


edx, offset cr_lf 
dx, offset crjf 
ah,9h 
21h 


start 
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1* infringement 
of any proprietary 
rights, and including 
the 
*1 
1* warranties 
of merchantability 
and fitness for a particular 
*1 
1* purpose. 
Intel does not assume any responsibility 
for any 
*1 
1* errors which may appear in this program nor any responsibility 
*1 
1* to update it. 
*1 
~ 
~ 
~ 
~ 
1* This program contains three parts: 
*1 
1* Part I: Identifies CPU type in the variable 3pu_type: 
*1 
~ 
~ 
. 


1* Part 2: Identifies FPU type in the variable _fpu_type: 
*1 
~ 
~ 
1* Part 3: Prints out the appropriate 
message. 
*1 
~ 
~ 
1* This program has been tested with the Microsoft 
Developer 
Studio. 


1* If this code is compiled 
with no options specified 
and linked 
*1 


1* with the cpuid3a module, it correctly 
identifies 
the current 
*1 


1* Intel 8086/8088, 
80286, 80386, 80486, Pentium(R), 
Pentium(R) 
Pro 
*1 
1* processors 
and Pentium(R) 
11processors 
in the real-address 
mode. *1 


#define FPU]LAG 
#define 
VME_FLAG 
#define 
DE_FLAG 
#define PSE_FLAG 
#define TSC_FLAG 
#define MSR_FLAG 
#define PAE_FLAG 
#define MCE_FLAG 
#define CX8_FLAG 
#define APIC_FLAG 
#define SEP _FLAG 
#define MTRR_FLAG 
#define PGE_FLAG 
#define MCA_FLAG 
#define CMOV _FLAG 
#define PAT_FLAG 
#define MM X_FLAG 
#define FXSR_FLAG 


OxOOOI 
Ox0002 
Ox0004 
Ox0008 
OxOOIO 
Ox0020 
Ox0040 
Ox0080 
OxOIOO 
Ox0200 
OX0800 
OxIOOO 
Ox2000 
Ox4000 
Ox8000 
OxIOOOO 
Ox800000 
Ox1000000 


extern char cpu_type; 
extern char fpu_type; 
extern char cpuid_flag; 
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extern char intel_CPU; 
extern char vendor_id[12); 
extern long cpu_signature; 
extern long features_ecx; 
extern long features_edx; 
extern long featuresebx; 


mainO { 
ger cpu jypet): 
get 
fpu typet): 


printt): 


printt) 
( 
prinrf'(t'This system has a"); 
if (cpuid 
flag == 0) ( 


switch (cpujype) 
( 
case 0: 


printft'n 
8086/8088 
processor"); 


if (fpujype) 
printfr" and an 8087 math coprocessor"); 
break; 


case 2: 


printf(vn 80286 processor"); 
if (fpujype) 
printft" 
and an 80287 math coprocessor"); 
break; 
case 3: 


printf'(vn 80386 processor"); 
if (fpujype 
== 2) 


printft" and an 80287 math coprocessor"); 
else if (fpujype) 


printf(" and an 80387 math coprocessor"); 
break; 
case 4: 


if (fpu jype) printf(vn 
804860X, 
804860X2 
processor 
or \ 


80487SX 
math coprocessor"); 
else printfC"n 80486SX 
processor"); 


break; 


default: 


pnntft':n unknown 
processor"); 
} 
} else { 
/* using cpuid instruction 
*/ 
if (intel_CPU) 
( 
if (cpujype 
== 4) ( 
switch CCcpu_signature>>4)&Oxf) 
( 


case 
0: 
case 
I: 


printft" Genuine InteI486CTM) OX processor"); 
break; 
case 
2: 


printf]" Genuine InteI486CTM) SX processor"); 
break; 
case 
3: 


printft" Genuine 
InteIDX2CTM) processor"); 


break; 
case 
4: 
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printft" 
Genuine InteI486(TM) 
processor"); 


break; 


case 
5: 


printft" 
Genuine InteISX2(TM) 
processor"); 


break; 


case 
7: 


printf(" Genuine Write-Back 
Enhanced 
\ 
InteIDX2(TM) 
processor"); 


break; 


case 
8: 
printft" 
Genuine InteIDX4(TM) 
processor"); 


break; 


default: 
printft" 
Genuine InteI486(TM) 
processor"); 


} 
} else if (cpu_type == 5) 
printft" 
Genuine Intel Pentium(R) 
processor"); 


else if «cpu_type 
== 6) && «(cpu_signature» 
4) & Oxf) == I) 
printf(" Genuine Intel Pentium(R) 
Pro processor"); 
else if «cpu_type 
== 6) && «(cpu_signature» 
4) & Oxf) == 3» 
printfr" Genuine Intel Pentium(R) 
II processor, 
model 3"); 
else if (fcpu jype 
== 6) && «(cpu_signature» 
4) & Oxf) == 5» 
printf(" Genuine Intel Pentium(R) 
II processor, 
model 5"); 
else 
printf(t'n 
unknown 
Genuine 
Intel processor"); 


printf(u\nProcessor 
Family: %X", cpu_type); 


printf(u\nModel: 
%X", (cpu_signature>>4)&Ox!); 


printf(u\nStepping: 
%X\n", cpu_signatur!,!&Ox!); 
if (cpu_signature 
& Ox1000) 
printf(vm'Ihe 
processor 
is an OverDrive(R)upgrade 
\ 


processor"); 


else if (cpu_signature 
& Ox2000) 
printff'An'The processor 
is the upgrade processor \ 


in a dual processor 
system"); 


if (features_edx 
& FPU_FLAG) 
printft'Xn'The processor 
contains an on-chip FPU"); 
if (features_edx 
& VME_FLAG) 
printf(vxn'Ihe 
processor 
supports 
Virtual Mode \ 
Extensions"); 


if (features_edx 
& DE_FLAG) 
printf(u\nThe 
processor 
supports the Debugging\ 
Extensions"); 


if (features_edx 
& PSE_FLAG) 
printf(t'in'Ihe 
processor 
supports Page Size \ 


Extensions"); 


if (features_edx 
& TSC_FLAG) 
printf(u\nThe 
processor 
supports Time Stamp \ 
Counter"); 


if (features_edx 
& MSR_FLAG) 


. 
printf(vm'Ihe 
processor 
supports Model Specific \ 


Registers"); 


if (features_edx 
& PAE_FLAG) 
printf(u\nThe 
processor 
supports Physical Address \ 
Extension"); 


if (features_edx 
& MCE_FLAG) 
printf(vin'Ihe 
processor 
supports Machine Check \ 
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Exceptions"); 
if (features_edx 
& CX8]LAG) 
printf("\nThe 
processor 
supports the CMPXCHG8B 
\ 
instruction"); 
if (features edx & APIC_FLAG) 
printf("\nThe 
processor 
contains 
an on-chip APIC"); 


if (features_edx 
& SEP _FLAG) 
{ 
if «cpu_type 
== 6) && «(cpu_signature» 
4) &Oxf) < 3) 
&& «cpu_signature 
& Oxf) < 3» 
printf("\nThe 
processor 
does not support the Fast \ 
System Call"); 
, 
else 
printf("\nThe 
processor 
supports the Fast System \ 
Call"); 
} 
if (features_edx 
& MTRR_FLAG) 
printf("\nThe 
processor 
supports the Memory 
Type \ 


Range Registers"); 
if (features_edx 
& PGE_FLAG) 
printf("\nThe 
processor 
supports 
Page Global Enable"); 
if (features_edx 
& MCA_FLAG) 
printf("\nThe 
processor 
supports the Machine 
Check \ 
Architecture"); 
. 


if (features_edx 
& CMOV _FLAG) 
printf("\nThe 
processor 
supports the Conditional 
\ 
Move Instruction"); 


if (features_edx 
& PAT_FLAG) 


. 
printf("\nThe 
processor 
supports the Page \ 
Attribute 
Table"); 


if (features_edx 
& MMX_FLAG) 
printf("\nThe 
processor 
supports Intel Architecture 
\ 


MMX technology"); 
if (features_edx 
& FXSR_FLAG) 
printf("\nThe 
processor 
supports the Fast floating \ 
point save and restore"); 
} else { 
printf("t 
least an 80486 processor.\nIt 
does not \ 


contain a Genuine 
Intel part and as a result, the\nCPUID 
detection \ 
information 
cannot be determined 
at this time."); 
} 
} 
printf("\n"); 


Start Body Text Here-Delete 
This Line. 
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PENTIUM® PROCESSOR 


Max. Operating 
Frequency 
75 
90 
100 
120 
133 
150 
166 
200 
MHz 
MHz 
MHz 
MHz 
MHz 
MHz 
MHz 
MHz 


iCOMp· 
Index 
2.0 Rating 
67 
81 
90 
100 
111 
114 
127 
142 


Note: 
Contact 
Intel Corporation 
for more information 
about 
iCOMF"lndex 
2.0 ratings. 


• 
Compatible 
with 
Large 
Software 
Base 
- 
MS-DOS", 
Windows", 
OS/2", UNIX" 


• 
32-Bit 
CPU with 64-Bit 
Data Bus 


• 
Superscalar 
Architecture 
Two 
Pipelined 
Integer 
Units 
Are Capable 
of 2 Instructions/Clock 
Pipe-lined 
Floating 
Point 
Unit 


• 
Separate 
Code and Data Caches 
- 
8-Kbyte 
Code, 
8-Kbyte 
Write 
Back Data 
- 
MESI Cache 
Protocol 


• 
Advanced 
Design 
Features 
- 
Branch 
Prediction 
- 
Virtual 
Mode Extensions 


• 
3.3V BICMOS 
Silicon 
Technology 


• 
4-Mbyte 
Pages for Increased 
TLB Hit Rate 


• 
IEEE 1149.1 Boundary 
Scan 


• 
Dual Processing 
Configuration 


• 
Functional 
Redundancy 
Checking 
Support 


• 
Internal 
Error 
Detection 
Features 


• 
Multi-Processor 
Support 
- 
Multiprocessor 
Instructions 
- 
Support 
for Second 
Level 
Cache 


• 
On-Chip 
Local 
APIC Controller 
- 
MP Interrupt 
Management 
- 
8259 Compatible 


• 
Upgradable 
with 
a Pentium"OverDrive" 


Processor 


• 
Power 
Management 
Features 
- 
System 
Management 
Mode 


- 
Clock 
Control 


• 
Fractional 
Bus Operation 
200-MHz 
Core/66-MHz 
Bus 
166-MHz 
Core/66-MHz 
Bus 
150-MHz 
Core/60-MHz 
Bus 
133-MHz 
Core/66-MHz 
Bus 
120-MHz 
Core/60-MHz 
Bus 
100-MHz 
Core/66-MHz 
Bus 
100-MHz 
Core/50-MHz 
Bus 
90-MHz 
Core/60-MHz 
Bus 
75-MHz 
Core/50-MHz 
Bus 


The 
PentiumQ!) processor 
75/90/100/120/133/150/166/200 
extends 
the 
Pentium 
processor 
family, 
providing 
performance 
needed for mainstream 
desktop applications 
as well as for workstations 
and servers. 
The Pentium 
processor 
is compatible 
with the entire installed 
base of applications 
for DOS·, 
Windows·, 
OS/2·, and 
UNIX·. 
The Pentium 
processor 
75/90/100/120/133/150/166/200 
superscalar 
architecture 
can execute 
two instructions 
per clock cycle. Branch prediction 
and separate 
caches 
also increase 
performance. 
The pipelined floating point 


unit delivers 
workstatlon 
level 
performance. 
Separate 
code 
and 
data 
caches 
reduce 
cache 
conflicts 
while 
remaining 
software 
transparent. 
The 
Pentium 
processor 
75/90/100/120/133/150/166/200 
has 
3.3 
million 
transistors 
and 
is 
built 
on 
Intel's 
advanced 
3.3V 
BiCMOS 
silicon 
technology. 
The 
Pentium 
processor 
75/90/100112011331150/166/200 
has on-chip 
dual processing 
support, 
a local multiprocessor 
interrupt 
controller, 


and SL power management 
features. 
The Pentium 
processor 
may contain 
design 
defects 
or errors 
known 
as 
errata which 
may cause the product to deviate from published 
specifications. 
Current 
characterized 
errata are 
available 
upon request. 


June 
1997 
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1.0. 
MICROPROCESSOR 
ARCHITECTURE 
OVERVIEW 


The 
Pentium® 
processor 
75/90/100/120/133/ 
150/166/200 
extends 
the 
Intel 
Pentium 
family 
of 
microprocessors. 
It is binary 
compatible 
with 
the 
8086/88, 
80286, 
Intel386™ 
DX CPU, 
Intel386 
SX 
CPU, 
Intel486™ 
DX 
CPU, 
Intel486 
SX 
CPU, 
Intel486 DX2 CPU, and Pentium processor 
60/66. 


The 
Pentium 
processor 
family 
consists 
of 
the 
following 
products. 


• 
Described 
in 
this 
document 
(product 
code 
80502). 
The 
name 
"Pentium 
processor 
75/90/100/120/133/150/166/200" 
will be used to 
refer to these products: 


Pentium 
processor 
at 200 
MHz, 
iCOMf'$ 
Index 2.0 rating = 142 


Pentium 
processor 
at 
166 
MHz, 
iCOMP 
Index 2.0 rating = 127 


Pentium 
processor 
at 
150 
MHz, 
iCOMP 
Index 2.0 rating = 114 


Pentium 
processor 
at 
133 
MHz, 
iCOMP 
Index 2.0 rating = 111 


Pentium 
processor 
at 
120 
MHz, 
iCOMP 
Index 2.0 rating = 100 


Pentium 
processor 
at 
100 
MHz, 
iCOMP 
Index 2.0 rating = 90 


Pentium 
processor 
at 
90 
MHz, 
iCOMP 
Index 2.0 rating = 81 


Pentium 
processor 
at 
75 
MHz, 
iCOMP 
Index 2.0 rating = 67 


• 
Original 
Pentium 
processor. 
The 
name 
"Pentium 
processor 
60/66" will be used to refer 
to the original 60 and 66 MHz version products: 


Pentium 
processor 
at 
66 
MHz, 
iCOMP 
Index 2.0 rating = 57 


Pentium 
processor 
at 
60 
MHz, 
iCOMP 
Index 2.0 rating = 51 


The Pentium processor 
family architecture 
contains 
all of the features 
of the Intel486 
CPU family, 
and 
provides 
significant 
enhancements 
and 
additions 
including the following: 
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Pentiurn@ Processor 
75/90/100/120/133/150/166/200 


• 
Superscalar 
Architecture 
• 
Dynamic Branch Prediction 
• 
Pipelined 
Floating-Point 
Unit 
• 
Improved 
Instruction 
Execution 
Time 
• 
Separate 
8K Code and 8K Data Caches 
• 
Writeback 
MESI Protocol in the Data Cache 
• 
64-Bit Data Bus 
• 
Bus Cycle Pipelining 
• 
Address 
Parity 
• 
Internal Parity Checking 
• 
Functional 
Redundancy 
Checking 
• 
Execution 
Tracing 
• 
Performance 
Monitoring 
• 
IEEE 1149.1 Boundary 
Scan 
• 
System Management 
Mode 
• 
Virtual Mode Extensions 


In addition to the features 
listed above, the Pentium 
processor 
75/90/100/120/133/150/166/200 
offers 
the 
following 
enhancements 
over 
Pentium 
processor 
60/66: 


• 
Fractional 
bus 
operation 
allowing 
higher 
core 
frequency 
operation 


• 
Dual processing 
support 


• 
SL power management 
features 


• 
On-chip 
local APIC device 


1.1. 
Pentium@Processor Family 
Architecture 


The 
application 
instruction 
set 
of 
the 
Pentium 
processor 
family 
includes 
the 
complete 
Intel486 
CPU 
family 
instruction 
set 
with 
extensions 
to 
accommodate 
some of the additional functionality 
of 
the 
Pentium 
processors. 
All 
application 
software 
written 
for 
the 
Intel386 
and 
Intel486 
family 
microprocessors 
will run on the Pentium processors 
without 
modification. 
The 
on-chip 
memory 
management 
unit (MMU) is completely 
compatible 
with the Intel386 family and Intel486 family of CPUs. 


The 
Pentium 
processors 
implement 
several 
enhancements 
to increase 
performance. 
The 
two 
instruction 
pipelines 
and 
floating-point 
unit 
on 
Pentium 
processors 
are 
capable 
of 
independent 
operation. 
Each 
pipeline 
issues 
frequently 
used 


\ 
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redesigned 
over 
the 
Intel486 
CPU. 
Faster 
algorithms 
provide 
up to 10X speed-up 
for common 
operations 
including add, multiply, and load. 


Pentium processors 
include separate code and data 
caches 
integrated 
on-chip 
to 
meet 
performance 
goals. 
Each cache 
is 8 Kbytes 
in size, with a 32- 


byte line size and 
is 2-way 
set associative. 
Each 
cache has a dedicated 
Translation 
Lookaside 
Buffer 
(TLB) 
to 
translate 
linear 
addresses 
to 
physical 
addresses. 
The 
data 
cache 
is configurable 
to be 
write back 
or write through 
on a line-by-line 
basis 
and follows the MESI protocol. The data cache tags 
are triple ported to support 
two data transfers 
and 
an inquire cycle in the same clock. The code cache 
is an 
inherently 
write-protected 
cache. 
The 
code 


cache 
tags 
are 
also 
triple 
ported 
to 
support 
snooping 
and split line accesses. 
Individual 
pages 
can be configured 
as cacheable 
or non-cacheable 
by 
software 
or 
hardware. 
The 
caches 
can 
be 
enabled or disabled 
by software or hardware. 


The 
Pentium 
processors 
have 
increased 
the data 
bus to 64 bits to improve 
the 
data transfer 
rate. 
Burst 
read 
and 
burst 
write 
back 
cycles 
are 
supported 
by the Pentium 
processors. 
In addition, 


bus cycle 
pipelining 
has been added to allow 
two 
bus cycles 
to be in progress 
simultaneously. 
The 
Pentium 
processors' 
Memory 
Management 
Unit 
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the "checker" 
is used to execute 
In lOCK step wnn 


the "master" 
processor. 
The 
checker 
samples 
the 
master's 
outputs 
and compares 
those 
values 
with 
the values 
it computes 
internally, 
and 
asserts 
an 
error signal if a mismatch 
occurs. 


As more and more functions 
are integrated 
on chip, 


the complexity 
of board 
level testing 
is increased. 


To 
address 
this, 
the 
Pentium 
processors 
have 


increased 
test 
and debug 
capability. 
The 
Pentium 
processors 
implement 
IEEE 
Boundary 
Scan 
(Standard 
1149.1). 
In 
addition, 
the 
Pentium 
processors 
have 
specified 
4 breakpoint 
pins 
that 
correspond 
to 
each 
of 
the 
debug 
registers 
and 
externally 
indicate 
a breakpoint 
match. 
Execution 
tracing 
provides 
external 
indications 
when 
an 
instruction 
has completed 
execution 
in either of the 
two internal 
pipelines, 
or when a branch 
has been 
taken. 


System 
Management 
Mode 
(SMM) 
has 
been 


implemented 
along 
with 
some 
extensions 
to 
the 
SMM 
architecture. 
Enhanc'ements 
to 
the 
virtual 
!l086 
mode 
have 
been 
made 
to 
increase 
performance 
by reducing 
the number 
of times 
it is 
necessary 
to trap to a virtual 8086 monitor. 


Figure 1 shows 
a 
block 
diagram 
of the 
Pentium 
processor 
75/90/100/120/133/150/166/200. 
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Figure 1_ Pentium® Processor 
Block Diagram 


The block diagram shows the two instruction 
pipelines, the 'u" pipe and the 'v" pipe. The u-pipe 
can 
execute 
all 
integer 
and 
floating 
point 
instructions. The v-pipe can execute simple integer 
instructions 
and 
the 
FXCH 
floating-point 


instructions. 


translate 
linear 
addresses 
to 
the 
physical 
addresses used by the data cache. 


The code cache, branch target buffer and prefetch 
buffers are responsible for getting raw instructions 
into the.execution units of the Pentium processor. 
Instructions are fetched from the code cache or 
from the external bus. Branch addresses are 
remembered by the branch target buffer. The code 
cache TLB translates linear addresses to physical 
addresses used by the code cache. 


The separate code and data caches are shown. 
The data cache has two ports, one for each of the 
two pipes (the tags are triple ported to allow 
simultaneous inquire cycles). The data cache has 
a dedicated Translation Lookaside Buffer (TLB) to 
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Pentium@ 
Processor 
75190110011201133115011661200 


The 
decode 
unit 
decodes 
the 
prefetched 


instructions 
so 
the 
Pentium 
processors 
can 


execute the instruction. The control ROM contains 
the microcode which controls the sequence of 
operations that must be performed to implement 
the Pentium processor architecture. The control 
ROM unit has direct control over both pipelines. 


The 
Pentium 
processors 
contain 
a 
pipelined 


floating-point 
unit 
that 
provides 
a 
significant 


floating-point 
performance 
advantage 
over 


previous generations of processors. 


The 
architectural 
features 
introduced 
in 
this 


chapter are more fully described in the PentiufTilP 
Processor 
Family 
Developer's 
Manual, 
Volume 
1 


(Order Number 241428). 


1.2. 
Pentium@Processor 
75/90/1001120/1331150/166/200 


In addition to the architecture described above for 
the 
Pentium 
processor 
family, 
the 
Pentium 


processor 
75/90/100/120/133/150/166/200 
has 


additional features which are described in this 
section. 


The 
Pentium 
processor 
75/90/100/120/133/ 


150/166/200 offers higher performance and higher 
operating frequencies than the Pentium processor 
60/66. 


Symmetric 
dual 
processing 
in 
a 
system 
is 


supported 
with 
two 
Pentium 
processor 


75/90/100/120/133/150/166/200. 
The 
two 


processors appear to the system as a single 
Pentium 
processor 
75/90/100/120/133/150 


/166/200. Operating systems with dual processing 
support 
properly 
schedule 
computing 
tasks 


between the two processors. This scheduling of 
tasks is transparent to software applications and 
the 
end-user. Logic built into the 
processors 


support a "glueless:' interface for easy system 
design. Through a private bus, the two Pentium 
processor 
75/90/100/120/133/150/166/200 


arbitrate for the external bus and maintain cache 
coherency. Dual processing is supported in a 
system only if both processors are operating at 
identical core and bus frequencies. 
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In this document, in order to distinguish between 
two 
Pentium 
processor 
75/90/100/120/133/ 


150/166/200 in dual processing mode, one CPU 
will be designated as the "Primary" processor and 
the other as the "Dual" processor. Note that this is 
a different concept than that of "master" and 
"checker" processors 
described above 
in the 
discussion on functional redundancy. 


Due to the advanced 3.3V BiCMOS process that it 
is 
produced 
on, 
the 
Pentium 
processor 


75/90/100/120/133/150/166/200 
dissipates 
less 
power than the 
Pentium processor 60/66. In 
addition to the SMM features described above, the 
Pentium 
processor 
75/90/100/120/133/150/ 


166/200 supports clock control. When the clock to 
the 
Pentium processor 
75/90/100/120/133/150/ 


166/200 is stopped, power dissipation is virtually 
eliminated. 
The 
combination 
of 
these 
improvements 
makes 
the 
Pentium 
processor 
75/90/100/120/133/150/166/200 a good choice for 
energy-efficient desktop designs. 
Supporting an upgrade socket (Socket 5/7) in the 
system will provide end-user upgradability by the 
addition of a Pentium OverDrive processor. Typical 
applications will realize a 40%-70% performance 
increase by addition of a 
Pentium OverDrive 
processor. 


Socket 7 has been defined as the upgrade socket 
for the Pentium processor 75/90/100/120/133/150/ 
166/200. The flexibility of the Socket 7 definition 
makes it backward compatible with Socket 5 and 
should be used for all new Pentium processor- 
based system designs. 


ThEl 
Pentium 
processor 
75/90/100/120/133/ 
150/166/200 supports fractional bus operation. 
This allows the internal processor core to operate 
at high frequencies, while communicating with the 
external bus at lower frequencies. 


The 
Pentium 
processor 
75/90/100/120/133/ 
150/166/200 
contains 
an 
on-Chip 
Advanced 
Programmable Interrupt Controller (APIC). This 
APIC 
implementation 
supports 
multiprocessor 
interrupt management (with symmetric interrupt 
distribution across all processors), multiple I/O 
subsystem support, 8259A compatibility, and inter- 
processor interrupt support. 
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1.3. 
Pentium@Processors with 
Voltage Reduction 
Technology 


Currently, Intel's Pentium processor with Voltage 
Reduction Technology family consists of two sets 
of products. 
Please reference the appropriate 


datasheets for correct pinout, mechanical, thermal, 
and 
electrical specifications. Detailed information 


on Mobile Pentium processors based on 0.6 urn 
process technology (75, 90, and 100 MHz) is 
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Pentium@ 
Processor 
75190110011201133115011661200 


available in the datasheet Pentium@ Processors 
at 


icomps Index 
10001120, 735190, 610175 MHz with 


Voltage 
Reduction 
Technology 
(Order Number 


242973). 
For 
detailed 
information 
on 
Mobile 


Pentium processors based on 0.35 urn process 
technology (100, 
120, and 133 MHz), see Intel 


datasheet Pentlums Processors 
at tcomps Index 


11101133, 
10001120, 8151100 
MHz 
with 
Voltage 


Reduction 
Technology (Order Number 242557). 
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2.0. 
PINOUT 


2.1. 
Pinout and Pin Descriptions 


2.1.1. 
PENTIUM® PROCESSOR 
75190/100/1201133/15011661200 
PINOUT 


fI 
36 
15 
M 
33 
32 
31 
30 
29 
21 
27 
26 
25 
:M 
2:1 
22 
21 
20 
,. 
" 
17 
16 
15 
16 
13 
12 
11 
10 • • 
7 
1 
5 
4 
3 
2 
1 


AN 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
AN 
vss 
Ne 
AI 
Al0 
YCC 
YCC 
YCC 
YCC 
YCC 
YCC 
vcc 
vcc 
YCC 
YCC 
vcc 
R.USHI 
lit 
INe 
lit 
All 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
All 
A30 
AI 
AI 
vss 
vss 
vss 
vss 
vss 
vss 
vss 
¥SS 
vss 
vss 
¥SS 
vss - 


EAOSI 
ADSCt 
AI. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
AI. 


VSS 
A3 
A7 
All 
A12 
A14 
All 
Al' 
A20 
Ne 
SCYC 
BEll 
BE4I - 


BEOt 
BUSCHK' 
IflW 
PWT 
INC 
AK 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
AK 
Aa 
A2I 
AS 
AI 
A13 
A15 
An 
All 
RESET 
cue 
BE7. 
IIE5t 
BE3t 
BEl. - 


HIT. 
DCf 
AP 
IW 
0 
0 
0 
0 
0 
0 
IW 
vss 
A2Ii 
,ul 
ADSI 
HLOA 
BAEQ 
AM 
0 
0 
0 
0 
AM 
A22 
A2I 
LOCK. 
vss 
Aa 
0 
0 
0 
0 
0 
0 
AG 
VCC 
A24 
A27 
PCO 
SMlACT. 
VCC 
AI' 
0 
0 
0 
0 
AF 
vss 
A21 
PCHKI 
vss 
~ 
0 
0 
0 
0 
0 
0 ~ 
YCC 
D/Pt 
A2:1 
APCHICI 
PBREat 
YCC 
AD 
0 
0 
0 
0 
AD 
vss 
INTlI 
P1IGIIT. 
vss 
N:; 
0 
0 
0 
0 
0 
0 
N:; 
YCC 
RSI 
NIl 
PRDY 
PIITIIf 
VCC 
AB 
0 
0 
0 
0 
AIJ 
vss - 


HOU) 
vss 
AA 
0 
0 
0 
0 
0 
0 
AA 
YCC 
,,",Et 
HT 
wawr. 
P!fl' 
YCC 


0 
0 
0 
0 
z 
vss 
PENt 
BOFF. 
vss 
y 
0 
0 
0 
0 
0 
0 


YCC 
FIICIICt 
BFO 
NAI 
BllDYCI 
YCC 
0 
0 
0 
0 
x 
V3S 
8fl 
0 


BRDY. 
vss 
W 
0 
0 
0 
0 
0 
W 
YCC 
Ne 
NC 
KENt 
EWBEt 
YCC 
0 
0 
0 
0 


V3S 
STPCLK. 
TOP SIDE VIEW 
AHOlD 
vss 
0 
0 
0 
0 
0 
0 


YCC 
V3S 
VCC 
INY 
CACHE. 
VCC 


0 
0 
0 
0 


YSS 
VCC 
III'Ot 
vss 


0 
0 
0 
0 
0 
0 


vcc 
Ne 
Ne 
11I'3 
IIP2 
VCC 
R 
0 
0 
0 
0 


YSS 
Ne 
PlnSP1 
vss 
Q 
0 
0 
0 
0 
0 
0 
Q 
VCC 
CP1ITYP 
TRST' 
FERN 
_ 
VCC 


0 
0 
0 
0 
vss 
NS 
IEAAt 
vss 


0 
0 
0 
0 
0 
0 


VCC 
TIll 
TOO 
OPT 
DI3 
VCC 
11 
0 
0 
0 
0 
11 
vss 
TCK 
!la 
VIS 


0 
0 
0 
0 
0 
0 


YCC 
PICOl 
VCC 
DIG 
011 
VCC 


0 
0 
0 
0 


vss 
00 
OM 
¥SS 


0 
0 
0 
0 
0 
0 


YCC 
02 
P1COO 
ost 
DS7 
VCC 
0 
0 
0 
0 


vss 
ptCQJ( 
OM 
vss 
G 
0 
0 
0 
0 
0 
0 
a 
vcc 
01 
03 
053 
055 
VCC 
0 
0 
0 
0 
0 


04 
os 
OPS 
011 
OPe 
0 
0 
0 
0 
0 
0 
0 
0 


VCC 
De 
UT 
042 
D4I 
D4I 
C52 
D54 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Df'O 
os 
012 
DP1 
01' 
m 
D2I 
021 
D30 
DI'3 
033 
D3S 
037 
D3I 
D40 
044 
D4I 
oso 
C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
C 
DI 
010 
014 
017 
021 
024 
DP2 
D25 
D27 
D2I 
031 
032 
034 
OM 
031 
IlP4 
D45 
00 
INe 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


011 
01. 
011 
020 
vss 
vss 
VSS 
vss 
vss 
vss 
¥SS 
vss 
¥SS 
¥SS 
vss 
vss 
DU 
INe 
A 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
A 
Ne 
015 
01. 
D22 
YCC 
VCC 
vcc 
VCC 
vcc 
vcc 
vcc 
VCC 
YCC 
VCC 
VCC 
VCC 
041 
INe 
/ 


fl3I 
3534 
33 
32 
31 
30 
29 
21 
27 
21 
25 
24 
2:1 
22 
21 
20 
" 


,. 
17 
" 
15 
14 
13 
12 
11 
10 • • 
7 
I 
5 
4 
3 
2 
1 
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Figure 
2. Pentlum® 
Processor 
751901100/120/133/150/1661200 
SPGA and PPGA Package 
Plnout 


(Top Side View) 
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I 


1 
2 
a 
4 
5 
I 
7 
I • 
10 " 
12 
13 
1. 
15 
l' 
17 
1. 
1. 
20 
21 
22 
23 
24 
25 
24 
27 
21 
21 
30 
31 
12 
S3 
34 
35 
)I 
37 


AN 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
AN 
lie 
lie 
INC 
FlUSllf 
vcc 
vcc 
vcc 
vcc 
vee 
vcc 
vcc 
vcc 
vcc 
vcc 
vcc 
Al0 
le 
NC 
vss 


All 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
All 
ADSCt 
EADSI 
W!fV 
vss 
vss 
vss 
vss 
vss 
vss 
vss 
vss 
vss 
vss 
vss 
¥SS 
AI 
A. 
A30 
AI. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
AI. 


lie 
PWT 
HITIII 
IUSCIIK' 
BEOI - 


IIE4I 
BEef 
scye 
tIC 
Am 
All 
A,. 
Al. 
A12 
All 
A7 
A3 
vss 
AI( 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
AI( 
AP 
DCI 
KT. - 


BEl. 
Bf3I 
IIE5t 
8E7. 
cue 
RESET 
Al' 
A17 
A15 
A13 
AI 
Ai 
A2I 
A2I 
J.J 
0 
0 
0 
0 
0 
0 
J.J 
BREQ 
tf.DA 
AOSt 
A31 
A25 
VSS 


AN 
0 
0 
0 
0 
AN 
¥SS 
I.OCJ(I 
A2I 
A22 
AD 
0 
0 
0 
0 
0 
0 
AO 
vcc 
BMIACT. 
PCD 
I 
A27 
A34 
vcc 
M 
0 
0 
0 
0 
M 
vss 
PCHK. 
A21 
¥SS 
AE 
0 
0 
0 
0 
0 
0 
AE 
vcc 
PllRaIII 
APCHK. 
A23 
M'f 
vcc 


AD 
0 
0 
0 
0 
AD 
vss 
PBGHT. 
INTA 
vss 
At 
0 
0 
0 
0 
0 
0 
At 
vcc 
PHITIIt 
PRDY 
,..1 
lISt 
vcc 


All 
0 
0 
0 
0 
All 
V88 
HOLD 
- 


¥SS 


AA 
0 
0 
0 
0 
0 
0 
AA 
vcc 
PIIIT. 
WIIIWT. 
HT 
IGNNEt 
vcc 
0 
0 
0 
0 


¥SS 
BOFF. 
PENt 
vss 
y 
0 
0 
0 
0 
0 
0 
y 
vcc 
BRIlVet - 


BFO 
FRCIICt 
vcc 
X 
0 
0 
0 
0 
x 
¥SS 
IIIIIY. 
IFl 
vss 
W 
0 
0 
0 
0 
0 
0 
w 
vcc 
EWBU 
KENt 
NC 
NC 
vcc 
0 
0 
0 
0 


¥SS 
AHOlD 
PIN SIDE VIEW 


S11'ClU 
vss 
u 
0 
0 
0 
0 
0 
0 


vcc 
CACHE. 
IN 
vcc 
vss 
vcc 
0 
0 
, 
0 
0 


¥SS 
IMlt 
vcc 
¥SS 


0 
0 
0 
0 
0 
0 


vcc 
BP2 
IIP3 
NC 
NC 
vcc 
R 
0 
0 
0 
0 


¥SS 
PII1BP1 
NC 
¥SS 
Q 
0 
0 
0 
0 
0 
0 
Q 
vcc -~ 


TRST. 
CPU7VP 
vcc 
0 
0 
0 
0 
P 
¥SS 
IERIII 
TIIS 
¥SS 


0 
0 
0 
0 
0 
0 


vcc 
DID 
DI'7 
TOO 
TIll 
vcc 
11 
0 
0 
0 
0 
11 
¥SS 
DU 
TCK 
¥SS 
0 
0 
0 
0 
0 
0 


VCC 
OIl 
DIG 
vcc 
PIC01 
vcc 
K 
0 
0 
0 
0 


'/SS 
DIll 
DD 
'/SS 
0 
0 
0 
0 
0 
0 


vcc 
D57 
DU 
PICOO 
D2 
vcc 
H 
0 
0 
0 
0 
H 


VSS 
CA 
PICClJ( 
vss 
G 
0 
0 
0 
0 
0 
0 
G 
vcc 
DH 
D63 
03 
01 
vcc 
0 
0 
0 
0 
0 


OH 
051 
DP5 
Do 
04 


0 
0 
0 
0 
0 
0 
0 
0 


D54 
DI2 
D4I 
D4I 
D42 
D7 
01 
vcc 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


DIG 
D4I 
D44 
D40 
D3I 
D37 
D35 
D33 
DPS 
D30 
D2I 
D26 
023 
Dl. 
DP1 
D12 
De 
DPO 
e 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


INC 
D47 
D45 
ON 
D38 
D3I 
D34 
D32 
031 
D2I 
D27 
D25 
DP2 
02. 
D21 
D17 
014 
Dl0 
De 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


lie 
D43 
vss 
V88 
vss 
vss 
vss 
VSS 
vss 
vss 
vss 
vss 
VSS 
'/SS 
D20 
011 
013 
Dll 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
A 
lie 
041 
vee 
vcc 
vcc 
vcc 
vcc 
vcc 
vcc 
vee 
vee 
vcc 
vee 
vcc 
D22 
DlI 
Dl' 
Ne 


1 
2 
• 
5 
I 
7 , t 
10 
11 
12 
13 
14 
15 
11 
17 
1. 
" 
20 
21 
22 
23 
2. 
25 
26 
27 
28 
21 
30 
31 
32 
S3 
34 
35 
31 
37 
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Figure 
3. Pentium® 
Processor 
75190/100/120/133/150/1661200 
SPGA and PPGA Package 
Pinout 


(Pin Side View) 
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Pentium@ 
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75190110011201133115011661200 


2.1.2. 
PIN CROSS REFERENCE TABLE 
FOR PENTIUM® PROCESSOR 75190/100/120/133/150/1661200 


A3 
AL35 
A9 
AK30 
A15 
AK26 
A21 
AF34 
A27 
AG33 


A4 
AM34 
A10 
AN31 
A16 
AL25 
A22 
AH36 
A28 
AK36 


A5 
AK32 
A11 
AL31 
A17 
AK24 
A23 
AE33 
A29 
AK34 


A6 
AN33 
A12 
AL29 
A18 
AL23 
A24 
AG35 
A30 
AM36 


A7 
AL33 
A13 
AK28 
A19 
AK22 
A25 
AJ35 
A31 
AJ33 


A8 
AM32 
A14 
AL27 
A20 
AL21 
A26 
AH34 


Data 


00 
K34 
013 
834 
026 
024 
039 
010 
052 
E03 


01 
G35 
014 
C33 
027 
C21 
040 
008 
053 
G05 


02 
J35 
015 
A35 
028 
022 
041 
A05 
054 
E01 


03 
G33 
016 
832 
029 
C19 
042 
E09 
055 
G03 


04 
F36 
017 
C31 
030 
020 
043 
804 
056 
H04 


05 
F34 
018 
A33 
031 
C17 
044 
006 
057 
J03 


06 
E35 
019 
028 
032 
C15 
045 
C05 
058 
J05 


07 
E33 
020 
830 
033 
016 
046 
E07 
059 
K04 


08 
034 
021 
C29 
034 
C13 
047 
C03 
060 
L05 


09 
C37 
022 
A31 
035 
014 
048 
004 
061 
L03 


010 
C35 
023 
026 
036 
C11 
049 
E05 
062 
M04 


011 
836 
024 
C27 
037 
012 
050 
002 
063 
N03 


012 
032 
025 
C23 
038 
C09 
051 
F04 


Table 1. Pin Cross Reference by Pin Name 
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Table 1. Pin Cross Reference 
by Pin Name (Continued) 


Control 


A20M# 


AOS# 


AOSC# 


AHOLO 


AP 


APCHK# 


BEO# 


BE1# 


BE2# 


BE3# 


BE4# 


BE5# 


BE6# 


BE7# 


BOFF# 


BP2 


BP3 


BROY# 


AK08 


AJ05 


AM02 


V04 


AK02 


AE05 


AL09 


AK10 


AL 11 


AK12 


AL13 


AK14 


AL15 


AK16 


Z04 


S03 


SOS 


X04 


BROYC# 


BREO 


BUSCHK# 


CACHE# 


CPUTYP 


O/C# 


O/P# 


OPO 


OP1 


OP2 


OP3 


OP4 


OP5 


OP6 


OP7 


EAOS# 


EWBE# 


FERR# 


Y03 
FLUSH# 


AJ01 
FRCMC# 


AL07 
HIT# 


U03 
HITM# 


035 
HLOA 


AK04 
HOLD 


AE35 
IERR# 


036 
IGNNE# 


030 
INIT 


C25 
INTR/LlNTO 


018 
INV 


C07 
KEN# 


F06 
LOCK# 


F02 
M/IO# 


NOS 
NA# 


AM04 
NMI/LlNT1 


W03 
PCO 


005 
PCHK# 


AN07 


Y35 


AK06 


AL05 


AJ03 


AB04 


P04 


AA35 


AA33 


A034 


U05 


W05 


AH04 


T04 


Y05 


AC33 


AG05 


AF04 


PEN# 


PMO/BPO 


PM1/BP1 


PROY 


PWT 


R/S# 


RESET 


SCYC 


SMI# 


SMIACT# 


TCK 


TOI 


TOO 


TMS 


TRST# 


W/R# 


WBIWT# 


Z34 


003 


R04 


AC05 


AL03 


AC35 


AK20 


AL17 


AB34 


AG03 


M34 


N35 


N33 


P34 


033 


AM06 


AA05 


APIC 
Clock Control 
Dual Processor 
Private Interface 


PICCLK 


PICOO 


[OPEN#] 


PIC01 


[APICEN] 


H34 


J33 


L35 


CLK 


BFO 


BF1 


STPCLK# 


AK18 


Y33 


X34 


V34 


PBGNT# 


PBREO# 


PHIT# 


PHITM# 


A004 


AE03 


AA03 


AC03 


VCC 


A07 


A09 


A11 


A13 


A15 


A17 


A19 


A21 


A23 


A25 


A27 


A29 


E37 


G01 


G37 


J01 


J37 


L01 


L33 


L37 


N01 


N37 


001 


037 


S01 


S37 


T34 


U01 


U33 


U37 


W01 


W37 


Y01 


Y37 


AA01 


AA37 


AC01 


AC37 


AE01 


AE37 


AG01 


AG37 


AN09 


AN11 


AN13 


AN15 


AN17 


AN19 


AN21 


AN23 


AN25 


AN27 


AN29 
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B12 
B28 
P36 
X02 
AF02 
AM14 
AM30 


B14 
H02 
R02 
X36 
AF36 
AM16 
AN37 


B16 
H36 
R36 
Z02 
AH02 
AM18 


B18 
K02 
T02 
Z36 
AJ37 
AM20 


B20 
K36 
T36 
AB02 
AL37 
AM22 


NCnNCl 


A03 
C01 
835 
W35 
AL01 
AN01 
AN05 


A37 
R34 
W33 
AL19 
AN03 
AN35 


B02 
833 


NOTE: 


1. 
Please 
refer to socket 
5 and socket 7 specifications 
if using socket 
5 or socket 7. 


2.2. 
Design Notes 
The # symbol 
at the end of a signal 
name indicates 
that the active, 
or asserted 
state 
occurs 
when 
the 
signal 
is at a low voltage. 
When 
a # symbol 
is not 
present after the signal name, the signal is active, or 
asserted at the high voltage level. 


For reliable operation, 
always connect 
unused inputs 
to an appropriate 
signal 
level. 
Unused 
active 
low 
inputs 
should 
be connected 
to vcc. Unused 
active 
HIGH inputs should be connected 
to GND. 
The following 
pins exist 
on the 
Pentium 
processor 
60/66 
but 
have 
been 
removed 
from 
the 
Pentium 
processor 
75/90/100/120/133/150/166/200: 
No Connect 
(NC) 
pins 
must 
remain 
unconnected. 
Connection 
of 
NC 
pins 
may 
result 
in component 
failure or incompatibility 
with processor 
steppings. 
• 
IBT, IU, IV, BTO·3 


2.3. 
Quick Pin Reference 
The 
following 
pins 
become 
1/0 
pins 
when 
two 
Pentium 
processors 
75/90/100/120/133/150/166/200 
are operating 
in a dual processing 
environment: 


This 
section 
gives 
a brief functional 
description 
of 
each of the pins. For a detailed 
description, 
see the 


"Hardware 
Interface" 
chapter 
in 
the 
PentiurrfiD 
Processor 
Family Developer's 
Manual, Volume 1. 


• 
AD8#, 
CACHE#, 
HIT#, HITM#, 
HLDA#, 
LOCK#, 


M/IO#, D/C#, W/R#, 8CYC 


Note 


All 
input 
pins 
must 
meet 
their 
AC/DC 
specifications 
to guarantee 
proper 
functional 
behavior. 
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Table 2. Quick 
Pin Reference 


Symbol 
Type" 
Name and Function 


A20M# 
I 
When the address 
bit 20 mask pin is asserted, 
the Pentium® 
processor 
75/90/100/120/133/150/166/200 
emulates 
the address wraparound 
at 1 Mbyte 
which occurs on the 8086 by masking 
physical address bit 20 (A20) before 
performing 
a lookup to the internal caches or driving a memory cycle on the bus. 


The effect of A20M# is undefined 
in protected 
mode. A20M# must be asserted 
only when the processor 
is in real mode. 


A20M# is internally masked by the Pentium processor 
75/90/100/120/133/1501 


166/200 when configured 
as a Dual processor. 


A31-A3 
1/0 
As outputs, the address 
lines of the processor 
along with the byte enables define 
the physical area of memory or 1/0 accessed. 
The extemal system drives the 
inquire address to the processor 
on A31-A5. 


ADS# 
0 
The address 
status 
indicates 
that a new valid bus cycle 'is currently 
being driven 
by the Pentium processor 
75/90/100/120/133/150/166/200. 


ADSC# 
0 
ADSC# is functionally 
identical to ADS#. 


AHOLD 
I 
In response to the assertion 
of address 
hold, the Pentium processor 
75/90/100112011331150/166/200 
will stop driving the address lines (A31-A3), and 
AP in Ihe next clock. The rest of the bus will remain active so data can be retumed 
or driven for previously 
issued bus cycles. 


AP 
1/0 
Address 
parity 
is driven by the Pentium processor 
75/90/100/120/133/150/166/200 
with even parity information 
on all Pentium 
processor 
75/90/100/120/133/150/166/200 
generated 
cycles in the same clock 
that the address is driven. Even parity must be driven back 10 the Penlium 
processor 
75/90/100/120/133/150/166/200 
during inquire cycles on this pin in the 


I 
same clock as EADS# to ensure that correct parity check status is indicated 
by 
the Pentium processor 
75/90/100/120/133/150/166/200. 


APCHK# 
0 
The address 
parity 
check 
status pin is asserted two clocks after EADS# is 


sampled active if the Pentium processor 
75/90/100/120/133/150/166/200 
has 
detected a parity error on the address bus during inquire cycles. APCHK# 
will 
remain active for one clock each time a parity error is detected 
(including during 


dual processing 
private snooping). 


[APICEN] 
I 
Advanced 
Programmable 
Interrupt 
Controller 
Enable 
enables or disables the 
PICD1 
on-Chip APIC interrupt controller. 
If sampled 
high at the falling edge of RESET, the 


APIC is enabled. APICEN 
shares a pin with the PICD1 signal. 


BE7#-BE5# 
0 
The byte enable 
pins are used to determine which bytes must be written 10 
BE4#-BEO# 
1/0 
external memory, 
or which bytes were requested 
by the CPU for the current cycle. 


The byte enables are driven in the same clock as the address lines (A31-3). 


Additionally, 
the lower 4-byte enables (BE3#-BEO#) 
are used on the Pentium 


processor 
75/90/100/120/133/150/166/200 
as APIC ID inputs and are sampled at 


RESET. 


In dual processing 
mode, BE4# is used as an input during Flush cycles. 
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Table 2. Quick Pin Reference 
(Continued) 


Symbol 
Type" 
Name and Function 


BF[1:0] 
I 
Bus Frequency 
determines 
the bus-to-core 
frequency 
ratio. BF[1 :0] are sampled 
at RESET, and cannot be changed 
until another non-warm 
(1 ms) assertion 
of 


RESET. Additionally, 
BF[1 :0] must not change values while RESET is active. See 
Table 3 for Bus Frequency 
Selections. 


BOFF# 
I 
The backoff input is used to abort all outstanding 
bus cycles that have not yet 


It 


completed. 
In response 
to BOFF#, the Pentium processor 
75/90/100/120/133/1501 
166/200 will float all pins normally floated during bus hold in the next clock. The 
processor 
remains in bus hold until BOFF# is negated, at which time the Pentium 
processor 
75/90/100/120/133/150/166/200 
restarts the aborted bus cycle(s) 
in 
their entirety. 


BP[3:2] 
0 
The breakpOint 
pins (BP3-0) correspond 
to the debug registers, 
DR3·DRO. 


PMIBP[1:0] 
These pins externally 
indicate a breakpoint 
match when the debug registers are 
programmed 
to test for breakpoint 
matches. 


BP1 and BPO are multiplexed 
with the performance 
monitoring 
pins (PM1 and 
PMO). The PB1 and PBO bits in the Debug Mode Control Register determine 
if the 
pins are configured 
as breakpoint 
or performance 
monitoring 
pins. The pins come 
out of RESET configured 
for performance 
monitoring. 


BRDY# 
I 
The burst ready input indicates that the external system has presented 
valid data 
on the data pins in response to a read or that the extemal 
system has accepted 
the Pentium processor 
75/90/100/120/133/150/166/200 
data in response to a write 
request. This signal is sampled 
in the T2, T12 and T2P bus states. 


BRDYC# 
I 
This signal has the same functionality 
as BRDY#. 
I 


BREQ 
0 
The bus request output indicates to the external system that the Pentium 
processor 
75/90/100/120/133/150/166/200 
has intemally 
generated 
a bus request. 


This signal is always driven whether or not the Pentium processor 
75/90/100/120/133/150/166/200 
is driving its bus. 


BUSCHK# 
I 
The bus check input allows the system to signal an unsuccessful 
completion 
of a 
bus cycle. If this pin is sampled 
active, the Pentium processor 
75/90/100112011331150/166/200 
will latch the address and control signals in the 
machine check registers. 
If, in addition, the MCE bit in CR4 is set, the Pentium 
processor 
75/90/100/120/133/150/166/200 
will vector to the machine 
check 
exception. 


NOTE: 


To assure that BUSCHK# 
will always be recognized, 
STPCLK# 
must be 
deasserted 
any time BUSCHK# 
is asserted 
by the system, before the system 
allows another external 
bus cycle. If BUSCHK# 
is asserted 
by the system for a 
snoop cycle while STPCLK# 
remains asserted, 
usually (if MCE=1) the processor 
will vector to the exception 
after STPCLK# 
is deasserted. 
But if another snoop to 


the same line occurs during STPCLK# 
assertion, 
the processor 
can lose the 
BUSCHK# 
request. 
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Table 2. Quick 
Pin Reference 
(Continued) 


Symbol 
Type· 
Name and Function 


CACHE# 
0 
For Pentium processor 
75/90/100/120/133/150/166/200 
-initiated cycles the cache 


pin indicates 
internal cacheability 
of the cycle (if a read), and indicates 
a burst 


write back cycle (if a write). If this pin is driven inactive during a read cycle, the 
Pentium processor 
75/90/100/120/133/150/166/200 
will not cache the returned 


data, regardless 
of the state of the KEN# pin. This pin is also used to determine 


the cycle length (number of transfers 
in the cycle). 


ClK 
I 
The clock 
input provides the fundamental 
timing for the Pentium processor 


75/90/100/120/133/150/166/200. 
Its frequency 
is the operating 
frequency 
of the 


Pentium processor 
75/90/100/120/133/150/166/200 
external bus, and requires 


TIl 
levels. All external timing parameters 
except TOI, TOO, TMS, TRST#, and 


PICOO-1 are specified 
with respect to the rising edge of ClK. 


NOTE: 


It is recommended 
that ClK 
begin toggling within 150 ms after Vcc reaches its 
proper operating 
level. This recommendation 
is to ensure long-term 
reliability of 
the device. 


CPUTYP 
I 
CPU type distinguishes 
the Primary processor 
from the Oual processor. 
In a 
single processor 
environment, 
or when the Pentium processor 
75/90/100/120/133/ 
150/166/200 
is acting as the Primary processor 
in a dual processing 
system, 


CPUTYP 
should be strapped to Vss. The Oual processor 
should have CPUTYP 


strapped 
to vcc. For the Pentium OverOrive 
processor, 
CPUTYP 
will be used to 


determine 
whether the bootup handshake 
protocol will be used (in a dual socket 


system) 
or not (in a single socket system). 


O/C# 
0 
The data/code 
output is one of the primary bus cycle definition 
pins. It is driven 
valid in the same clock as the AOS# signal is asserted. 
O/C# distinguishes 


between data and code or special cycles. 


O/P# 
0 
The dual/primary 
processor 
indication. 
The Primary processor 
drives this pin low 


when it is driving the bus, otherwise 
it drives this pin high. O/P# is always driven. 


O/P# can be sampled for the current cycle with AOS# (like a status pin). This pin 
is defined only on the Primary processor. 
Oual processing 
is supported 
in a 
system only if both p~ocessors are operating 
at identical core and bus 
frequencies. 
Within these restrictions, 
two processors 
of different 
steppings 
may 


operate together 
in a system. 


063-00 
I/O 
These are the 64 data lines for the processor. 
Lines 07-00 
define the least 


significant 
byte of the data bus; lines 063-056 
define the most significant 
byte of 


the data bus. When the CPU is driving the data lines, they are driven during the 
T2, T12, or T2P clocks for that cycle. Ouring reads, the CPU samples the data 
bus when BROY# is returned. 


OP7-0PO 
I/O 
These are the data parity 
pins for the processor. 
There is one for each byte of the 


data bus. They are driven by the Pentium processor 
75/90/100/120/133/150/166/ 


200 with even parity information 
on writes in the same clock as write data. Even 


parity information 
must be driven back to the Pentium processor 
75/90/1 00/120/ 


133/150/166/200 
on these pins in the same clock as the data to ensure that the 


correct parity check status is indicated by the Pentium processor 
75/90/100/120/ 


133/150/166/200. 
OP7 applies to 063-56, 
OPO applies to 07-0. 
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Table 2. Quick Pin Reference 
(Continued) 


Symbol 
Type· 
Name and Function 


.. 


[DPEN#j 
1/0 
Dual processing 
enable is an output of the Dual processor 
and an input of the 
PICDO 
Primary processor. 
The Dual processor 
drives DPEN# low to the Primary 
processor 
at RESET to indicate that the Primary processor 
should enable dual 


processor 
mode. DPEN# may be sampled 
by the system at the falling edge of 
RESET to determine 
if the dual-processor 
socket is occupied. 
DPEN# shares a 
pin with PICDO. 


EADS# 
I 
This signal indicates that a valid external address 
has been driven onto the 


Pentium processor 
75/90/100/120/133/150/166/200 
address 
pins to be used for an 
inquire cycle. 


EWBE# 
I 
The external write buffer empty input, when inactive (high), indicates that a write 
cycle is pending in the external system. When the Pentium processor 
75/90/1001 
120/133/150/166/200 
generates 
a write, and EWBE# is sampled 
inactive, the 


Pentium processor 
75/90/100/120/133/150/166/200 
will hold off all subsequent 
writes to all E- or M-state lines in the data cache until all write cycles have 
completed, 
as indicated by EWBE# being active. 


FERR# 
0 
The floating 
point error pin is driven active when an unmasked 
floating point 


error occurs. FERR# is similar to the ERROR# 
pin on the Intel387TM math 


coprocessor. 
FERR# is included for compatibility 
with systems 
using DOS type 


floating point error reporting. 
FERR# is never driven active by the Dual processor. 


FLUSH# 
I 
When asserted, 
the cache flush input forces the Pentium processor 
75/90/1001 
120/133/150/166/200 
to write back all modified lines in the data cache and 
invalidate 
its internal caches. A Flush Acknowledge 
special cycle will be 


I 
generated 
by the Pentium processor 75/90/1 00/120113311501166/200 
indicating 
completion 
of the write back and invalidation. 


If FLUSH# is sampled 
low when RESET transitions 
from high to low, tristate test 


mode is entered. 


If two Pentium processor 
75/90/100/120/133/150/166/200 
are operating 
in dual 


processing 
mode and FLUSH# is asserted, 
the Dual processor 
will perform a flush 
first (without a flush acknowledge 
cycle), then the Primary processor 
will perform 


a flush followed 
by a flush acknowledge 
cycle. 


NOTE: 


If the FLUSH# signal is asserted in dual processing 
mode, it must be deasserted 
at least one clock prior to BRDY# of the FLUSH Acknowledge 
cycle to avoid DP 
arbitration 
problems. 
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Table 2. Quick 
Pin Reference 
(Continued) 


Symbol 
Type" 
Name and Function 


FRCMC# 
I 
The functional 
redundancy 
checking 
master/checker 
mode input is used to 


" 
determine 
whether the Pentium processor 
75/90/100/120/133/150/166/200 
is 
configured 
in master mode or checker mode. When configured 
as a master, the 
Pentium processor 
75/90/100/120/133/150/166/200 
drives its output pins as 
required by the bus protocol. When configured 
as a checker, the Pentium 
processor 
75/90/100/120/1331150/166/200 
tristates all outputs (except IERR# and 
TDO) and samples 
the output pins. 


The configuration 
as a masterlchecker 
is set after RESET and may not be 
changed 
other than by a subsequent 
RESET. 


HIT# 
0 
The hit indication 
is driven to reflect the outcome of an inquire cycle. If an inquire 
cycle hits a valid line in either the Pentium processor 
75/90/100/120/133/150/1661 
200 data or instruction 
cache, this pin is asserted 
two clocks after EADS# is 
sampled 
asserted. 
If the inquire cycle misses the Pentium processor 
75/90/1001 
120/133/150/166/200 
cache, this pin is negated two clocks after EADS#. This pin 
changes 
its value only as a result of an inquire cycle and retains its value between 
the cycles. 


HITM# 
0 
The hit to a modified 
line output is driven to reflect the outcome of an inquire 
cycle. It is asserted 
after inquire cycles which resulted in a hit to a modified line in 
the data cache. It is used to inhibit another bus master from accessing 
the data 
until the line is completely 
written back. 


HLDA 
0 
The bus hold acknowledge 
pin goes active in response 
to a hold request driven 
to the processor 
on the HOLD pin. It indicates that the Pentium processor 
75/901 
100/120/133/150/166/200 
has floated most of the output pins and relinquished 
the 
bus to another local bus master. When leaving bus hold, HLDA will be driven 
inactive and the Pentium processor 
75/90/100/120/133/150/166/200 
will resume 
driving the bus. If the Pentium processor 
75/90/100/120/133/150/166/200 
has a 
bus cycle pending, it will be driven in the same clock that HLDA is de-asserted. 


HOLD 
I 
In response to the bus hold 
request, 
the Pentium processor 
75/90/100/120/133/ 
150/166/200 
will float most of its output and input/output 
pins and assert HLDA 
after completing 
all outstanding 
bus cycles. The Pentium processor 
75/90/1 00/ 
120/133/150/166/200 
will maintain its bus in this state until HOLD is de-asserted. 


HOLD is not recognized 
during LOCK cycles. The Pentium processor 
75/90/100/ 
120/133/150/166/200 
will recognize 
HOLD during reset. 


IERR# 
0 
The internal 
error 
pin is used to indicate two types of errors, internal parity errors 
and functional 
redundancy 
errors. If a parity error occurs on a read from an 
internal array, the Pentium processor 
75/90/100/120/133/150/166/200 
will assert 
the IERR# pin for one clock and then shutdown. 
If the Pentium processor 
75/90/100/120/133/150/166/200 
is configured 
as a checker and a mismatch 
occurs between the value sampled on the pins and the corresponding 
value 
computed 
intemally, 
the Pentium processor 
75/90/100/120/133/150/166/200 
will 
assert IERR# two clocks after the mismatched 
value is retumed. 
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Table 2. Quick 
Pin Reference 
(Continued) 


Symbol 
Type" 
Name and Function 


IGNNE# 
I 
This is the ignore numeric 
error input. This pin has no effect when the NE bit in CRO is 
set to 1. When the CRO.NE bit is 0, and the IGNNE# pin is asserted, the Pentium 
processor 75190/100/120/1331150/1661200will ignore any pending unmasked numeric 
exception and continue executing floating-point instructions for the entire duration that 
this pin is asserted. When the CRO.NE bit is 0, IGNNE# is not asserted, a pending 
unmasked numeric exception exists (SW.ES = 1), and the floating point instruction is 
one of FINIT, FCLEX, FSTENV, FSAVE, FSTSW, FSTCW, FENI, FDISI, or FSETPM, 
the Pentium processor 75190/100/12011331150/1661200will execute the instruction in 
spite of the pending exception. When the CRO.NE bit is 0, IGNNE# is not asserted, a 
pending unmasked numeric exception exists (SW.ES = 1), and the floating-point 
instruction is one other than FINIT, FCLEX, FSTENV, FSAVE, FSTSW, FSTCW, FENI, 
FDISI, or FSETPM, the Pentium processor 75/90/100/120/1331 
150/1661200 will stop execution and wait for an extemal interrupt. 


IGNNE# is intemally masked when the Pentium processor 75190/100/120113311501 
1661200is configured as a Dual processor. 


INIT 
I 
The Pentium processor 75/90/100/120/133/150/1661200 
initialization 
input pin 
forces the Pentium processor 75/90/100/120/133/150/166/200 
to begin execution 
in a known state. The processor 
state after INIT is the same as the state after 
RESET except that the intemal caches, write buffers, and floating point registers 
retain the values they had prior to INIT. INIT may NOT be used in lieu of RESET 
after power-up. 


If INIT is sampled 
high when RESET transitions 
from high to lOW,the Pentium 
processor 75/90/100/120/133/150/166/200 
will perform built-in self test prior to the 
start of program 
execution. 


INTR/LlNTO 
I 
An active maskable 
interrupt 
input indicates that an external interrupt has been 
generated. 
If the IF bit in the EFLAGS 
register is set, the Pentium processor 
75/90/100/120/133/150/166/200 
will generate two locked interrupt acknowledge 
bus cycles and vector to an interrupt handler after the current instruction 
execution 
is completed. 
INTR must remain active until the first interrupt acknowledge 
cycle 
is generated 
to assure that the interrupt is recognized. 


If the local APIC is enabled, this pin becomes 
LlNTO. 


INV 
I 
The lnvalldatlon 
input determines 
the final cache line state (S or I) in case of an 
inquire cycle hit. It is sampled together with the address for the inquire cycle in the 
clock EADS# is sampled 
active. 


KEN# 
I 
The cache 
enable 
pin is used to determine 
whether the current cycle is cacheable 
or not and is consequently 
used to determine 
cycle length. When the Pentium 
processor 75/90/1 00/120/133/150/166/200 
generates 
a cycle that can be cached 
(CACHE# 
asserted) 
and KEN# is active, the cycle will be transformed 
into a burst 
line fill cycle. 


LlNTOIINTR 
I 
If the APIC is enabled, this pin is local 
interrupt 
O. If the APIC is disabled, 
this pin 
isINTR. 


LlNT1/NMI 
I 
If the APIC is enabled, this pin is local 
interrupt 
1. If the APIC is disabled, 
this pin 
is NMI. 


2-18 
1998 PentiurrfiY Processor 
Databook 


int:et 
Pentium@ 
Processor 
75190110011201133115011661200 


Symbol 
Type" 
Name and Function 


LOCK# 
0 
The bus lock pin indicates that the current bus cycle is locked. The Pentium 
processor 75/90/100/120/133/150/166/200 
will not allow a bus hold when LOCK# 
is asserted 
(but ~HOLD 
and BOFF# are allowed). 
LOCK# goes active in the first 
clock of the first locked bus cycle and goes inactive after the BRDY# is returned 
for the last locked bus cycle. LOCK# is guaranteed 
to be de-asserted 
for at least 
one clock between 
back-to-back 
locked cycles. 


MIIO# 
0 
The memory/lnput-output 
is one of the primary bus cycle definition 
pins. It is 
driven valid in the same clock as the ADS# signal is asserted. 
MIIO# distinguishes 
between 
memory and I/O cycles. 


NA# 
I 
An active next address input indicates that the external memory system is ready 
to accept a new bus cycle although 
all data transfers 
for the current cycle have 
not yet completed. 
The Pentium processor 75/90/100/120/133/150/166/200 
will 


issue ADS# for a pending cycle two clocks after NA# is asserted. 
The Pentium 
processor 75/90/1 00/120/133/150/166/200 
supports up to 2 outstanding 
bus 
cycles. 


NMI/LlNT1 
I 
The non-maskable interrupt request signal indicates that an extemal non-maskable 
interrupt has been generated. 


If the local APIC is enabled, this pin becomes LlNT1. 


PBGNT# 
I/O 
Private bus grant is the grant line that is used when two Pentium processor 
75/90/100/12011331150/166/200 
are configured 
in dual processing 
mode, in order 
to perform private bus arbitration. 
PBGNT# should be left unconnected 
if only one 
Pentium processor 75/90/100/120/133/150/166/200 
exists in a system. 


PBREQ# 
I/O 
Private bus request is the request line that is used when two Pentium processor 
75/90/100/120/133/150/166/200 
are configured 
in dual processing 
mode, in order 
to perform private bus arbitration. 
PBREQ# 
should be left unconnected 
if only one 
Pentium processor 75/90/1 00/120/133/150/166/200 
exists in a system. 


PCD 
0 
The page cache disable pin reflects the state of the PCD bit in CR3, the Page 
Directory 
Entry, or the Page Table Entry. The purpose of PCD is to provide an 
external cacheability 
indication 
on a page by page basis. 


PCHK# 
0 
The parity check output indicates the result of a parity check on a data read. It is 
driven with parity status two clocks after BRDY# is returned. 
PCHK# remains low 
one clock for each clock in which a parity error was detected. 
Parity is checked 
only for the bytes on which valid data is returned. 


When two Pentium processor 75/90/1 00/120/133/150/166/200 
are operating 
in 
dual processing 
mode, PCHK# may be driven two or three clocks after BRDY# is 
returned. 


PEN# 
I 
The parity enable input (along with CR4.MCE) 
determines 
whether a machine 
check exception 
will be taken as a result of a data parity error on a read cycle. If 
this pin is sampled active in the clock a data parity error is detected, 
the Pentium 
processor 75/90/100/120/133/150/166/200 
will latch the address and control 
signals of the cycle with the parity error in the machine 
check registers. 
If, in 
addition, the machine check enable bit in CR4 is set to "1", the Pentium processor 
75/90/100/120/133/150/166/200 
will vector to the machine check exception 
before 
the beginning 
of the next instruction. 


Table 2. Quick Pin Reference 
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Table 2. Quick 
Pin Reference 
(Continued) 


Symbol 
Type" 
Name and Function 


PHIT# 
1/0 
Private 
hit is a hit indication 
used when two Pentium processor 75/90/1 00/1201 
133/150/166/200 
are configured 
in dual processing 
mode, in order to maintain 
local cache coherency. 
PHIT# should be left unconnected 
if only one Pentium 
processor 75/90/1 00/120/1331150/166/200 
exists in a system. 


PHITM# 
I/O 
Private 
modified 
hit is a hit indication 
used when two Pentium processor 
75/90/100112011331150/166/200 
are configured 
in dual processing 
mode, in order 
to maintain local cache coherency. 
PHITM# should be left unconnected 
if only one 
Pentium processor 75/90/1 00/120/133/150/1i36/200 
exists in a system. 


PICCLK 
I 
The APIC interrupt controller 
serial data bus clock is driven into the 
programmable 
interrupt 
controller 
clock 
input of the Pentium processor 
75/90/100/120/133/150/166/200. 


PICDO-1 
1/0 
Programmable 
Interrupt 
controller 
data lines 0-1 of the Pentium processor 
[DPEN#] 
75/90/100/120/133/150/166/200 
comprise 
the data portion of the APIC 3-wire bus. 


[APICEN] 
They are open-drain 
outputs that require extemal pull-up resistors. These signals 
share pins with DPEN# and APICEN 
respectively. 


PMIBP[1:0] 
0 
These pins function as part of the performance 
monitoring 
feature. 


The breakpoint 
1-0 pins are multiplexed 
with the performance 
monitoring 
1-0 
pins. The PB1 and PBO bits in the Debug Mode Control Register determine 
if the 
pins are configured 
as breakpoint 
or performance 
monitoring 
pins. The pins come 
out of RESET configured 
for performance 
monitoring. 


PRDY 
0 
The probe 
ready output pin indicates that the processor 
has stopped normal 
execution 
in response to the RlS# pin going active, or Probe Mode being entered. 


PWT 
0 
The page write 
through 
pin reflects the state of the PWT bit in CR3, the page 
directory entry, or the page table entry. The PWT pin is used to provide an 
extemal write back indication 
on a page-by-page 
basis. 


RlS# 
I 
The run/stop 
input is an asynchronous, 
edge-sensitive 
interrupt used to stop the 
normal execution of the processor 
and place it into an idle state. A high to low 
transition 
on the RIS# pin will interrupt the processor 
and cause it to stop 
execution 
at the next instruction 
boundary. 


RESET 
I 
RESET forces the Pentium processor 75/90/1 00/120/133/150/166/200 
to begin 
execution 
at a known state. All the Pentium processor 75/90/1 00/120/133/1501 
166/200 internal caches will be invalidated 
upon the RESET. Modified lines in the 
data cache are not written back. FLUSH#, 
FRCMC# and INIT are sampled 
when 
RESET transitions 
from high to low to determine 
if tristate test mode or checker 
mode will be entered, or if BIST will be run. 


SCYC 
0 
The split 
cycle 
output is asserted during misaligned 
LOCKed transfers to indicate 
that more than two cycles will be locked together. This signal is defined for locked 
cycles only. It is undefined 
for cycles which are not locked. 


SMI# 
I 
The system 
management 
interrupt 
causes a system management 
interrupt 
request to be latched internally. When the latched SMI# is recognized 
on an 
instruction 
boundary, the processor 
enters System Management 
Mode. 
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Table 2. Quick 
Pin Reference 
(Continued) 


Symbol 
Type" 
Name and Function 


SMIACT# 
0 
An active system 
management 
interrupt 
active 
output indicates that the 
processor 
is operating 
in System Management 
Mode. 


STPCLK# 
I 
Assertion 
of the stop clock 
input signifies a request to stop the internal clock of 
the Pentium processor 75/90/1 00/120/133/150/166/200 
thereby causing the core to 
consume 
less power. When the CPU recognizes 
STPCLK#, 
the processor 
will 
stop execution 
on the next instruction 
boundary, 
unless superseded 
by a higher 
priority interrupt, and generate a stop grant acknowledge 
cycle. When STPCLK# 
is asserted, 
the Pentium processor 75/90/1 00/120/133/150/166/200 
will still . 


respond to interprocessor 
and external snoop requests. 


TCK 
I 
The testability 
clock 
input provides the clocking function for the Pentium 
processor 75/90/1 00/120/133/150/166/200 
boundary 
scan in accordance 
with the 
IEEE Boundary 
Scan interface 
(Standard 
1149.1). It is used to clock state 
information 
and data into and out of the Pentium processor 75/90/100/120/133/1501 
166/200 during boundary 
scan. 


TDI 
I 
The test data input 
is a serial input for the test logic. TAP instructions 
and data 
are shifted into the Pentium processor 75/90/100/120/133/150/166/200 
on the TDI 
pin on the rising edge of TCK when the TAP controller 
is in an appropriate 
state. 


TDO 
0 
The test data output 
is a serial output of the test logic. TAP instructions 
and data 
are shifted out of the Pentium processor 75/90/1 00/120/133/150/166/200 
on the 
TDO pin on TCK's falling edge when the TAP controller 
is in an appropriate 
state. 


TMS 
I 
The value of the test mode select 
input signal sampled at the rising edge of TCK 
controls the sequence 
of TAP controller 
state changes. 


TRST# 
I 
When asserted, 
the test reset input allows the TAP controller to be 
asynchronously 
initialized. 


Vcc 
I 
The Pentium processor 75/90/1 00/120/133/150/166/200 
has 53 3.3V power 
inputs. 


Vss 
I 
The Pentium processor 75/90/100/120/133/150/166/200 
has 53 ground 
inputs. 


W/R# 
0 
Write/read 
is one of the primary bus cycle definition 
pins. It is driven valid in the 
same clock as the ADS# signal is asserted. W/R# distinguishes 
between write 
and read cycles. 


WBIWT# 
I 
The write 
back/write 
through 
input allows a data cache line to be defined as 
write back or write through on a llne-by-line 
basis. As a result, it determines 
whether a cache line is initially in the S or E state in the data cache. 


NOTE: 


The pins are classified 
as Input or Output 
based on their function 
in Master 
Mode. See the Functional 
Redundancy 
Checking 
section 
in the "Error Detection" 
chapter 
of the Pentiurri1» Processor 
Family 
Developer's 
Manual, 
Volume 
1, for 
further 
information. 
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Table 3. Bus Frequency 
Selections 


Pentium® 
Processor 
Core 
External 
Bus 
Frequency 
(max) 
Frequency 
(max) 
Bus/Core 
Ratio 
BF1 
BFO 


200 MHz 
66MHz 
1/3 
0 
1 


166 MHz 
66 MHz 
2/5 
0 
0 


150 MHz 
60MHz 
2/5 
0 
0 


133 MHz 
66MHz 
1/2 
1 
0 
•. 


120 MHz 
60MHz 
1/2 
1 
0 


100 MHz 
66MHz 
2/3 
1 
1 


100 MHz 
50MHz 
1/2 
1 
0 


90MHz 
60 MHz 
2/3 
1 
1 


75 MHz 
50 MHz 
2/3 
1 
1 


2.4. 
Pin Reference 
Tables 


Table 4. Output 
Pins 


. 
Name 
Active 
Level 
When 
Floated 


ADS#" 
Low 
Bus Hold, BOFF# 


ADSC# 
Low 
Bus Hold, BOFF# 


APCHK# 
Low 


BE7#-BE5# 
Low 
Bus Hold, BOFF# 


BREQ 
High 


CACHE#" 
Low 
Bus Hold, BOFF# 


D/P#"" 
nla 


FERR#"" 
Low 


HIT#" 
Low 


HITM#" 
Low 
. 


HLDA" 
High 


IERR# 
' Low 


LOCK#" 
Low 
Bus Hold, BOFF# 
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Table 4. Output 
Pins (Continued) 


Name 
Active 
Level 
When 
Floated 


M/IO#*, O/C#*, W/R#* 
n/a 
Bus Hold, BOFF# 


PCHK# 
Low 


BP3-2, PM1/BP1, 
PMO/BPO 
High 


PROY 
High 


PWT, PCO 
I 
High 
Bus Hold, BOFF# 


SCYC* 
High 
Bus Hold, BOFF# 


SMIACT# 
Low 


TOO 
n/a 
All states except Shift-OR and Shift-IR 


NOTES: 


All output 
and input/output 
pins are floated 
during tristate test mode and checker 
mode (except 
IERR#). 


These 
are I/O signals 
when two Pentiu~ 
processor 
75/90/100/120/133/150/166/200 
are operating 
in dual processing 
mode. 


•• 
These 
signals 
are undefined 
when the CPU is configured 
as a Dual Processor. 


Table 5. Input 
Pins 


, 
Synchronous! 
Name 
Active "Level 
Asynchronous 
Internal 
Resistor 
Qualified 


A20M#* 
Low 
Asynchronous 


AHOLO 
High 
Synchronous 


BF[1:0] 
High 
Synchronous/RESET 
Pullup 


BOFF# 
Low 
Synchronous 


BROY# 
Low 
Synchronous 
Bus State T2, T12, T2P 


BROYC# 
Low 
Synchronous 
Pullup 
Bus State T2, T12, T2P 


BUSCHK# 
Low 
Synchronous 
Pullup 
BROY# 


CLK 
n/a 


CPUTYP 
High 
Synchronous/RESET 


EADS# 
Low 
Synchronous 


EWBE# 
Low 
Synchronous 
BROY# 


FLUSH# 
Low 
Asynchronous 


FRCMC# 
Low 
Asynchronous 


HOLO 
High 
Synchronous 
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Table 5. Input 
Pins (Continued) 


Synchronousl 
Name 
Active 
Level 
Asynchronous 
Internal 
Resistor 
Qualified 


IGNNE#* 
Low 
Asynchronous 


INIT 
High 
Asynchronous 


INTR 
High 
Asynchronous 


iNV 
High 
Synchronous 
EADS# 


KEN# 
Low 
Synchronous 
I 
First BRDY#/NA# 


NA# 
Low 
Synchronous 
Bus State T2.TD.T2P 


NMI 
High 
Asynchronous 


PEN# 
Low 
Synchronous 
BRDY# 


PICCLK 
High 
Asynchronous 
Pullup 


RIS# 
n/a 
Asynchronous 
Pullup 


RESET 
High 
Asynchronous 


SMI# 
Low 
Asynchronous 
Pullup 


STPCLK# 
Low 
Asynchronous 
Pullup 


TCK 
nla 
'. 
Pullup 


TDI 
nla 
SynchronouslTCK 
Pullup 
TCK 


TMS 
nla 
SynchronouslTCK 
Pullup 
TCK 


TRST# 
Low 
Asynchronous 
Pullup 


WBIWT# 
n/a 
Synchronous 
First BRDY#/NA# 


I 
NOTE . 


• Undefined 
when the CPU is configured 
as a Dual processor . 


• 
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PICDO[DPEN#j 
Pullup 


PICD1 [APICENj 
Pulldown 


NOTE: 


All output and inpuVoutput 
pins are floated during tristate 
test mode (except 
TOO) and checker 
mode (except 
IERR# and 
TOO) . 


• BE3#-BEO# 
have Pulldowns 
during 
RESET only. 


Table 7. Inter-Processor 
Input/Output 
Pins 


Name 
Active Level 
Internal Resistor 


PHiT# 
Low 
Pullup 


PHITM# 
Low 
Pull up 


PBGNT# 
. Low 
Pullup 


PBREQ# 
, 
Low 
Pull up 


NOTE: 


For proper 
inter-processor 
operation, 
the system 
cannot 
load these signals. 
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2.5. 
Pin GroupingAccordingto Function 


Table 8 organizes 
the pins with respect to their function. 


Table 8. Pin Functional 
Grouping 


Function 
Pins 


Clock 
ClK 


Initialization 
RESET, 
INIT, BF1-8FO 


Address 
Bus 
A31-A3, 
BE7#-8EO# 


Address 
Mask 
A20M# 


Data Bus 
D63-DO 


Address 
Parity 
AP, APCHK# 


APIC Support 
PICClK, 
PICDO-1 


Data Parity 
DP7-DPO, PCHK#, 
PEN# 


Intemal 
Parity Error 
IERR# 


System 
Error 
BUSCHK# 


Bus Cycle Definition 
M/IO#, 
D/C#, 
W/R#, 
CACHE#, 
SCYC, lOCK# 


Bus Control 
ADS#, ADSC#, 
BRDY#, 
BRDYC#, 
NA# 


Page Cacheability 
PCD, PWT 
- 


Cache Control 
KEN#, WBIWT# 


Cache Snooping/Consistency 
AHOlD, 
EADS#, HIT#, HITM#, INV 


Cache Flush 
FlUSH# 


I 


Write Ordering 
EWBE# 


Bus Arbitration 
BOFF#,BREQ,HOlD,HlDA 


Dual Processing 
Private Bus Control 
PBGNT#, 
PBREQ#, 
PHIT#, PHITM# 


Interrupts 
INTR, NMI 


Floating Point Error Reporting 
FERR#,IGNNE# 


System Management 
Mode 
SMI#, SMIACT# 


Functional 
Redundancy 
Checking 
FRCMC# 
(IERR#) 


TAP Port 
TCK, TMS, TDI, TDO, TRST# 


Breakpoint/Performance 
Monitoring 
PMO/BPO, PM1/BP1, 
BP3-2 


Power Management 
STPClK# 


Miscellaneous 
Dual Processing 
CPUTYP, 
D/P# 


Probe Mode 
RlS#, PRDY 
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3.0. 
ELECTRICAL SPECIFICATIONS 


This section describes the 
electrical differences 
between the 
Pentium processor 
60/66 
and the 
Pentium processor 
75/90/100/120/133/150/166/200 


and the DC and AC specifications. 


3.1. 
Electrical Differences Between 
Pentium@ Processor 
75/901100/120/133/150/166/200 
and Pentium Processor 60/66 


Difference In Pentlum® 
Pentlum Processor 
Processor 
60/66 Electrical 
75190/100/120/1331 
Characteristic 
150/1661200 


5V Power Supply 
3.3V Power Supply' 


5V TIl 
Inputs/Outputs 
3.3V InputslOutputs 


Pentium Processor 
Pentium Processor 
60/66 Buffer Models 
75/90/100/120/133/1501 
166/200 Buffer Models 


• The upgrade 
socket 
specifies 
two 5V inputs (section 
6.0.). 


The sections that follow will briefly point out some 
ways to design with these electrical differences. 


3.1.1. 
3.3V POWER SUPPLY 


The 
Pentium 
processor 
75/90/100/120/133/1501 


166/200 has all Vcc 3.3V inputs. By connecting all 
Pentium processor 60/66 vcc inputs to a common 
and dedicated power plane, that plane can be 
converted 
to 
3.3V 
for 
the 
Pentium 
processor 


75/90/100/120/133/150/166/200. 


The ClK and PICClK inputs can tolerate a 5V input 
signal. 
This 
allows 
the 
Pentium 
processor 


75/90/100112011331150/166/200 
to use 5V or 3.3V 
clock drivers. 


3.1.2. 
3.3V INPUTS AND OUTPUTS 


The inputs and outputs of the Pentium processor 
75/90/100/120/133/150/166/200 
are 
3.3V 
JEDEC 
standard levels. Bo!h inputs and outputs are also 
Tl't-compatlble, 
although the inputs cannot tolerate 


voltage swings above the 3.3V VINmax. 


For 
Pentium 
processor 
75/90/100/120/133/1501 
166/200 
outputs, if the Pentium processor 60/66 


system support components use TIl·compatible 
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inputs, they will interface to the Pentium processor 
75/90/100/120/133/150/166/200 
without extra logic. 


This 
is 
because 
the 
Pentium 
processor 
75/90/100/120/133/150/166/200 
drives according to 
the 5V TIl 
specification (but not beyond 3.3V). 


For 
Pentium 
processor 
75/90/100/120/133/1501 


166/200 inputs, the voltage must not exceed the 3.3V 
VIH3 
maximum 
specification. 
System 
support 
components can consist of 3.3V devices or open- 
collector devices. 3.3V support components may 
interface to the Pentium processor 60/66 since they 
typically meet 5V TIl 
specifications. In an open- 
collector configuration, the external resistor may be 
biased with the CPU Vcc: 
as the CPU's 
vcc 
changes from 5V to 3.3V, so does this signal'S 
maximum drive. 


The 
ClK 
and 
PICClK 
inputs 
of 
the 
Pentium 
processor 
75/90/100/120/133/150/166/200 
are 
5V 
tolerant, so they are electrically identical to the 
Pentium processor 60/66 clock input. This allows a 
Pentium processor 60/66 clock driver to drive the 
Pentium processor 75/90/100/120/133/150/166/200. 


All pins, other than the ClK and PICClK inputs, are 
3.3V-only. If an 8259A interrupt controller is used, for 
example, the system must provide level converters 
between the 8259A and the Pentium processor 
75/90/100/120/133/150/166/200. 


3.1.3. 
3.3V PENTIUM®PROCESSOR 
75/90/1001120/133/150/1661200 
BUFFER 
MODELS 


The structure of the buffer models of the Pentium 
processor 
75/90/100/120/133/150/166/200 
is 
the 
same as that of the Pentium processor 60/66 
, but 
the values of the components change since the 
Pentium processor 
75/90/100/120/133/150/166/200 
buffers are 3.3V buffers on a different process. 


Despite this difference, the simulation results of 
Pentium processor 
75/90/100/120/133/150/166/200 
buffers and Pentium processor 60/66 
buffers look 
nearly identical. Since the OpF AC specifications of 
the 
Pentium 
processor 
75/90/100/120/133/1501 
166/200 
are derived from the Pentium processor 
60/66 
specifications, the system should see little 
difference between the AC behavior of the Pentium 
processor 75/90/100/120/133/150/166/200 
and the 
Pentium processor 60/66. 
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To meet specifications, simulate the AC timings with 
Pentium processor 75/90/100/120/133/150/166/200 
buffer models. Pay special attention to the new signal 
quality restrictions imposed by 3.3V buffers. 


3.2. 
Absolute MaximumRatings 


The values listed below are stress ratings only. 
Functional operation at the maximums is not implied 
or guaranteed. Functional operating conditions are 
given in the AC and DC specification tables. 


Extended exposure to the maximum ratings may 
affect device reliability. Furthermore, although the 
Pentium processor 75/90/100/120/133/150/166/200 
contains protective circuitry to resist damage from 
static electric discharge, always take precautions to 
avoid high static voltages or electric fields. 


Case temperature under bias 
-65°C to 110°C 


Storage temperature 
-65°C to 150°C 


3VSupply voltage 
with respect to Vss 
-O.5V to +4.6V 


3V Only Buffer DC Input Voltage 
..........-O.5V to Vcc+ 0.5; not to exceed VCC3max (2) 


5V Safe Buffer 


DC Input Voltage 
-O.5V to 6.5V (1,3) 


NOTES: 


1. 
Applies 
to ClK 
and PICClK. 


2. 
Applies 
to all Pentium 
processor 


75/90/100/120/1331150/166/200 
inputs except CLK and 


PICCLK. 


3. 
See overshoot/undershoot 
transient 
spec. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings' may cause permanent damage. These 
are stress ratings only. Operation beyond the "Operating 
Conditions' is not recommended and extended exposure 
beyond 
the 
"Operating Conditions' 
may 
affect 
device 
reliability. 


3.3. 
DC Specifications 


Table 9, 
Table 10, 
and 
Table 11 
list 
the 
DC 


specifications which apply to the Pentium processor 
75/90/100/120/133/150/166/200. 
The 
Pentium 
processor 75/90/100/120/133/150/1661200 
is a 3.3V 
part intemally. The ClK and PICClK inputs may be 
3.3V or 5V inputs. Since the 3.3V (5V-safe) input 
levels defined in Table 9 are the same as the 5V TTl 
levels, the ClK and PICClK inputs are compatible 
with existing 5V clock drivers. The power dissipation 
specification in Table 12 is provided for design of 
thermal solutions during operation in a sustained 
maximum level. This is the worst case power the 
device would dissipate in a system. This number is 
used for clesignof a thermal solution for the device. 
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4250 
3850 
3400 
3730 
3250 
2950 
2650 


mA 
mA 
mA 
mA 
mA 
mA 
mA 


166 MHz (4) 
150 MHz (4) 
133 MHz (4) 
120 Mhz (4,5) 
100 Mhz (4) 
90 Mhz (4) 
75 Mhz (4) 


NOTES: 


1. 
Parameter 
measured 
at 4 mA. 


2. 
Parameter 
measured 
at 3 mA. 


3. 
3.3V TTl 
levels apply to all signals 
except ClK 
and PICClK. 


4. 
This value should 
be used for power supply design. 
It was determined 
using a worst case instruction 
mix and Vcc = 3.6V. 


Power supply transient 
response 
and decoupling 
capacitors 
must be sufficient 
to handle the instantaneous 
current 
changes 
occurring 
during transitions 
from stop clock to full active modes. 
For more information, 
refer to section 
3.4.3. 


5. 
Please also check 
Pentium®.Processor 
Specification 
Update 
(Order 
Number 
24280). 


Table 
10. 3.3V (5V-Safe) 
DC Specifications 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


VIL5 
Input Low Voltage 
-0.3 
0.8 
V 
TTL Level(1) 


VIH5 
lnput High Voltage 
2.0 
5.55 
V 
TTL Level(1) 


NOTE: 


1. 
Applies 
to ClK 
and PICClK 
only. 
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Table 
11. Input 
and Output 
Characteristics 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


CIN 
Input Capacitance 
15 
pF 
4 
, 


Co 
Output Capacitance 
20 
pF 
4 


Cl/a 
I/O Capacitance 
25 
pF 
4 


CCLK 
ClK 
Input Capacitance 
15 
pF 
4 


CTIN 
Test Input Capacitance 
15 
pF 
4 


CTOUT 
Test Output Capacitance 
20 
pF 
4 


CTCK 
Test Clock Capacitance 
15 
pF 
4 


III 
Input leakage 
Current 
±15 
IJA 
0< VIN < Vcc3(1) 


ILO 
Output leakage 
Current 
±15 
IJA 
0< VIN < Vcc3(1) 


IIH 
Input leakage 
Current 
200 
IJA 
VIN = 2.4V(3) 


IlL 
Input leakage 
Current 
-400 
IJA 
VIN = 0.4V(2) 
I 


NOTES: 


1. 
This parameter 
is for input without 
pullup or pulldown. 


2. 
This parameter 
is for input with pull up. 


3. 
This parameter 
is for input with pulldown. 


4. 
Guaranteed 
by design. 
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Table 12. Power Dissipation Requirements for Thermal Solution Design 


Parameter 
Typical(1) 
Max 
Unit 
Notes 


Active Power Dissipation 
6.5 
15.5(7) 
Watts 
200 MHz 


5.4 
14.5(7) 
Watts 
166 MHz 


, 
4.9 
11.6(2) 
Watts 
150 MHz 


, 
. 
4.3 
11.2(2) 
Watts 
133 MHz 
,. 
,< 


\ 
5.06 
12.81 (6) 
Watts 
120 MHz 


3.9 
10.1(2) 
Watts 
100 MHz 


" .. 


3.5 
9.0(2) 
Watts 
90MHz 


I 


3.0 
8.0(2) 
Watts 
75MHz 


Stop Grant and Auto Halt 
2.5 
Watts 
200 Mhz (3) 


Powerdown 
Power Dissipation 
2.1 
Watts 
166 MHz (3) 


1.9 
Watts 
150 MHz (3) 
, 


1.7 
Watts 
133 Mhz (3) 
.. 
. 
, 
1.76 
Watts 
120 Mhz (3) 


• 


1.55 
Watts 
100 Mhz (3) 
. 
1.40 
Watts 
90 Mhz (3) 


; 
1.20 
Watts 
75 MHz (3) 


Stop Clock Power Dissipation 
0.02 
<0.3 
Watts 
(4,5) 


NOTES: 


1. 
This is the typical 
power dissipation 
in a system. 
This value was the average 
value measured 
in a system 
using a typical 
device at nominal 
Vcc (3.3V for 75, 100, 120, 133, and 150 Mhz processors 
and 3.5V for 166 and 200 Mhz processors) 
running typical applications. 
This value is highly dependent 
upon the specific 
system 
configuration. 


2. 
Systems 
must be designed 
to thermally 
dissipate 
the maximum 
active power dissipation. 
It is determined 
using worst case 
instruction 
mix with Vcc = 3.3V and also takes into account 
the thermal 
time constants 
of the package. 


3. 
Stop Grant/Auto 
Halt Powerdown 
Power Dissipation 
is determined 
by asserting 
the STPClK# 
pin or executing 
the HALT 
instruction. 


4. 
Stop Clock 
Power Dissipation 
is determined 
by asserting 
the STPClK# 
pin and then removing 
the extemal 
ClK 
input. 


5. 
Complete 
characterization 
of this specification 
was still in process 
at the time of print. Please contact 
Intel for the latest 
information. 
The final specification 
will be less than 0.1 W. 


6. 
Systems 
must be designed 
to thermally 
dissipate 
the maximum 
active power dissipation. 
It is determined 
using worst case 
instruction 
mix with Vcc=3.52V 
and also takes into account 
the thermal 
time constants 
of the package. 


7. 
Systems 
must be designed 
to thermally 
dissipate 
the maximum 
active power dissipation. 
It is determined 
using worst-case 
instruction 
mix with Vcc=3.5V, 
and also takes into account 
the thermal 
time constants 
of the package. 
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3.4. 
AC Specifications 


The AC specifications of the Pentium processor 
75/90/100/120/133/150/166/200 
consist 
of 
setup 
times, hold times, and valid delays at 0 pF. 


3.4.1. 
PRIVATE 
BUS 


When 
two 
Pentium 
processor 
75/90/100/1201 
133/150/166/200 
are operating in dual processor 
mode, a "private bus" exists to arbitrate for the CPU 
bus and 


maintain local cache coherency. The private bus 
consists of two pinout changes: 


1. 
Five pins are added: PBREQ#, PBGNT#, PHIT#, 
PH!TM#, D/P#. 


2. 
Ten output pins become 1/0 pins: ADS#, D/C#, 
W/R#, M/IO#, CACHE#, LOCK#, HIT#, HITM#, 
HLDA, SCYC. 


The new pins are given AC specifications of valid 
delays at 0 pF, setup times, and hold times. Simulate 
with these parameters and their respective 1/0 buffer 
models to guarantee that proper timings are met. 


The AC specification gives input setup and hold 
times for the ten signals that become 1/0 pins. These 
setup and hold times must only be met when a dual 
processor is present in the system. 


3.4.2. 
POWER 
AND GROUND 


For clean on-chip power distribution, the Pentium 
processor 
75/90/100/120/133/150/166/200 
has 53 
Vee (power) and 53 Vss (ground) inputs. Power and 
ground connections must be made to all external Vee 
and 
Vss 
pins 
of 
the 
Pentium 
processor 
75/90/100/120/133/150/166/200. 
On the circuit board 
all vcc pins must be connected to a vcc plane. All 
Vss pins must be connectedto a Vss plane. 


3.4.3. 
DECOUPLlNG 
RECOMMENDATIONS 


Liberal decoupling capacitance should be placed 
near the 
Pentium 
processor 
75/90/100/120/1331 
150/166/200. 
The 
Pentium processor 
75/90/1001 
120/133/150/166/200 
driving its large address and 
data buses at high frequencies can cause transient 
power 
surges, 
particularly 
when 
driving 
large 
capacitive loads. 
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Low inductance capacitors and interconnects are 
recommended for 
best high frequency electrical 
performance. 
Inductance 
can 
be 
reduced 
by 
shortening circuit board traces between the Pentium 
processor 
75/90/100/120/133/150/166/200 
and 
decoupling capacitors as much as possible. 


These 
capacitors 
should 
be 
evenly 
distributed 
around 
each 
component 
on 
the 
3.3V' 
plane. 


Capacitor values should be chosen to ensure they 
eliminate 
both 
low 
and 
high 
frequency 
noise 
components. 


For 
the 
Pentium 
processor 
75/90/100112011331 
150/166/200, 
the power consumption can transition 
from a low level of power to a much higher level (or 
high to low power) very rapidly. A typical example 
would be entering or exiting the Stop Grant state. 
Another example would 
be 
executing 
a 
HALT 


instruction, 
causing 
the 
Pentium 
processor 
75/90/100/120/133/150/166/200 
to enter the Auto 
HALT Powerdown state, or transitioning from HALT 
to the Normal state. All of these examples may cause 
abrupt changes in the power being consumed by the 
Pentium processor 75/90/100/120/133/150/166/200. 
Note that the Auto HALT Powerdown feature is 
always enabled even when other power management 
features are not implemented. 


Bulk storage capacitors with a low ESR (Effective 
Series Resistance) in the 10 to 100 I-If range are 
required to maintain a regulated supply voltage 
during the interval between the time the current load 
changes and the point that the regulated power 
supply output can react to the change in load. In 
order to reduce the ESR, it may be necessary to 
place several bulk storage capacitors in parallel. 


These capacitors should be placed near the Pentium 
processor 75/90/100/120/133/150/166/200 (on the 
3'.3V plane) to ensure that the supply voltage stays 
within specified limits during changes in the supply 
current during operation. 


3.4.4. 
CONNECTION 
SPECIFICATIONS 


All NC and INC pins must remain unconnected. 


For reliable operation, always connect unused inputs 
to an appropriate signal level. Unused active low 
inputs should be connected to vcc. Unused active 
high inputs should be connected to ground. 
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3.4.5. 
AC TIMING TABLES 


3.4.5.1. 
AC Timing Table for a 50-MHz 
Bus 


The AC specifications given in Table 13 and Table 14 
consist of output delays, input setup requirements 
and input hold requirements for a 50-MHz external 
bus. All AC specifications (with the exception of 
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those for the TAP signals and APIC signals) are 
relative to the rising edge of the ClK input. 


All timings are referenced to 1.5V for both "0" and "1" 
logic levels unless otherwise specified. Within the 
sampling window, a synchronous input must be 
stable 
for 
correct 
Pentium 
processor 
75/90/100/120/133/150/166/200operation. 
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Table 13. 
Pentium~ 
Processor 
75 and 100 MHz AC Specifications 
for 50·MHz 
Bus Operation 


3.135 < V~r. < 3.6V, Tr.ASE= 0 to 70° 
, 
;1 = 0 01 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


Frequency 
25.0 
50.0 
MHz 
Max Core Freq = 
100 MHz 


tla 
ClK 
Period 
20.0 
40.0 
nS 
4 


tlb 
ClK 
Period Stability 
±250 
pS 
Adjacent 
Clocks 


(1,25) 


t2 
ClK 
High Time 
4.0 
nS 
4 
2V,(1) 


la 
ClK 
low 
Time 
4.0 
nS 
4 
0.8V, (1) 


t4 
ClK 
Fall Time 
0.15 
1.5 
nS 
4 
(2.0V-o.8V), 
(1,5) 


ts 
ClK 
Rise Time 
0.15 
1.5 
nS 
4 
(0.8V-2.0V), 
(1,5) 


Isa 
PWT, PCD, CACHE# 
Valid Delay 
1.0 
7.0 
nS 
5 


Isb 
AP Valid Delay 
1.0 
8.5 
nS 
5 


Ise 
BEO-7#, lOCK# 
Valid Delay 
0.9 
7.0 
nS 
5 


tSd 
ADS#, ADSC#, 
D/C#, M/IO#, W/R#, SCYC 
0.8 
7.0 
nS 
5 


Valid Delay 


Ise 
A3-A 16 Valid Delay 
0.5 
7.0 
nS 
5 


tst 
A17-A31 
Valid Delay 
0.6 
7.0 
nS 
5 


h 
ADS#, ADSC#, 
AP, A3-A31, 
PWT, PCD, 
10.0 
nS 
6 
1 


BEO-7#, MIIO#, D/C#, W/R#, CACHE#, 
SCYC, lOCK# 
Float Delay 


CC 
F 
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Table 13. Pentium® Processor 
75 and 100 MHz AC Specifications 
for 50-MHz Bus Operation 
(Continued) 


3.135 < V~r. < 3.6V, Tr.ASE = 0 to 70° 
, 
L = 
PI 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


la 
APCHK#, 
IERR#, FERR#, PCHK# Valid 
1.0 
8.3 
nS 
5 
4 
Delay 


t9a 
BREQ, HLDA, SMIACT# 
Valid Delay 
1.0 
8.0 
nS 
5 
4 


tl0a 
HIT# Valid Delay 
1.0 
8.0 
nS 
5 


tlOb 
HITM# Valid Delay 
0.7 
6.0 
nS 
5 


t11a 
PMO-1, BPO-3 Valid Delay 
1.0 
10.0 
nS 
5 


t11b 
PRDY Valid Delay 
1.0 
8.0 
nS 
5 


, 


t12 
00-063, 
DPO-7 Write Data Valid Delay 
1.3 
8.5 
nS 
5 


t13 
00-063, 
DPO-3 Write Data Float Delay 
10.0 
nS 
6 
1 


t14 
A5-A31 Setup Time 
6.5 
nS 
7 
26 


t15 
A5-A31 
Hold Time 
I 
1.0 
nS 
7 


t16a 
INV, AP Setup Time 
I 
5.0 
nS 
7 


t16b 
EADS# Setup Time 
6.0 
nS 
7 


t17 
EADS#, INV, AP Hold Time 
J 
1.0 
nS 
7 


tlBa 
KEN# Setup Time 
5.0 
nS 
7 


tlBb 
NA#, WBIWT# 
Setup Time 
4.5 
nS 
7 


t19 
KEN#, WBIWT#, 
NA# Hold Time 
1.0 
nS 
7 


120 
BRDY#, BRDYC# 
Setup Time 
5.0 
nS 
7 


t21 
BRDY#, BRDYC# 
Hold Time 
1.0 
nS 
7 


t22 
BOFF# Setup Time 
5.5 
nS 
7 


t22a 
AHOLD 
Setup Time 
6.0 
nS 
7 


t23 
AHOLD, 
BOFF# Hold Time 
1.0 
nS 
7 


t24 
BUSCHK#, 
EWBE#, HOLD, PEN# Setup 
5.0 
nS 
7 
Time 


t25 
BUSCHK#, 
EWBE#, 
PEN# Hold Time 
1.0 
nS 
7 


t25a 
HOLD Hold Time 
1.5 
nS 
7 


t26 
A20M#, 
INTR, STPCLK# 
Setup Time 
5.0 
nS 
7 
12,16 


t27 
A20M#, 
INTR, STPCLK# 
Hold Time 
1 .0 
nS 
7 
13 


C C 
0 
F 
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Width, Async 
. 


13, 
RIS# 
Setup Time 
5.0 
nS 
7 
12, 16, 17 


132 
RIS# 
Hold Time 
1.0 
nS 
7 
13 


IJ3 
RIS# 
Pulse Width, Async. 
2.0 
ClKs 
7 
15,17 


134 
DO-D63, DPO-7 Read Data Setup Time 
3.8 
nS 
7 


135 
DO-D63, DPO-7 Read Data Hold Time 
1.5 
nS 
7 


136 
RESET Setup Time 
5.0 
nS 
8 
11,12,16 


137 
RESET Hold Time 
1.0 
nS 
8 
11, 13 


138 
RESET Pulse Width, VCC & ClK 
Stable 
15 
ClKs 
8 
11, 17 


t39 
RESET Active After VCC & ClK 
Stable 
1.0 
mS 
8 
Power up 


40 
R·eset Configuration 
Signals (INIT, 
5.0 
nS 
8 
12,16, 
17 


FlUSH#, 
FRCMC#) 
Setup Time 


4, 
Reset Configuration 
Signals (INIT, 
1.0 
nS 
8 
13 


FlUSH#, 
FRCMC#) 
Hold Time 


t42a 
Reset Configuration 
Signals (INIT, 
2.0 
ClKs 
8 
To RESET falling 
FlUSH#, 
FRCMC#) 
Setup Time, Async 
edge(16) 


42b 
Reset Configuration 
Signals (INIT, 
2.0 
ClKs 
8 
To RESET falling 
FlUSH#, 
FRCMC#, 
BRDYC#, 
BUSCHK#) 
edge(27) 


Hold Time, Async 


42c 
Reset Configuration 
Signals (BRDYC#, 
3.0 
ClKs 
8 
To RESET falling 


BUSCHK#) 
Setup Time, Async. 
edge(27) 


42d 
Reset Configuration 
Signal BRDYC# 
Hold 
1.0 
nS 
To RESET falling 


Time, RESET driven synchronously 
edge(1,27) 


43a 
BF, CPUTYP 
Setup Time 
1.0 
mS 
8 
To RESET falling 
edge(22) 


43b 
BF, CPYTYP 
Hold Time 
2.0 
ClKs 
8 
To RESET falling 
edge(22) 


t43c 
APICEN, 
BE4# Setup Time 
2.0 
ClKs 
8 
To RESET falling 
edge 
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Table 
13. 
Pentium® 
Processor 
75 and 100 MHz AC Specifications 
for 50-MHz Bus Operation 
(Continued) 


3.135 < V :c < 3.6 
, I CASE = 0 to 70° 
, 
L = 
PI 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


t43d 
APICEN, 
BE4# Hold Time 
2.0 
CLKs 
8 
To RESET falling 
edge 


t44 
TCK Frequency 
I 
16.0 
MHz 


45 
TCK Period 
62.5 
nS 
4 


4s 
TCK High Time 
25.0 
nS 
4 
2V(1) 


47 
TCK Low Time 
25.0 
nS 
4 
0.8V(1) 


t48 
TCK Fall Time 
5.0 
nS 
4 
(2.0V-<l.8V)(1,8,9) 


t49 
TCK Rise Time 
5.0 
nS 
4 
(0.8V-2.0V)(1,8,9) 


t50 
TRST# 
Pulse Width 
40.0 
nS 
10 
Asynchronous(1 
) 


t51 
TDI, TMS Setup Time 
5.0 
nS 
9 
7 


t52 
TDI, TMS Hold Time 
13.0 
nS 
9 
7 


t53 
TDO Valid Delay 
3.0 
20.0 
nS 
9 
8 


t54 
TDO Float Delay 
25.0 
nS 
9 
1,8 


t55 
All Non-Test Outputs Valid Delay 
3.0 
20.0 
nS 
9 
3,8,10 


t5s 
All Non-Test Outputs 
Float Delay 
25.0 
nS 
9 
1,3,8, 
10 


t57 
All Non-Test 
Inputs Setup Time 
5.0 
nS 
9 
3,7, 
10 


t58 
All Non-Test 
Inputs Hold Time 
13.0 
nS 
9 
3,7, 
10 


APIC AC Specifications 


tsoa 
PICCLK 
Frequency 
2.0 
16.66 
MHz 


teoe 
PICCLK Period 
60.0 
500.0 
nS 
4 


tsoe 
PICCLK High Time 
15.0 
nS 
4 


\sOd 
PICCLK Low Time 
15.0 
nS 
4 


tsoe 
PICCLK Rise Time 
0.15 
25 
nS 
4 


tSOf 
PICCLK Fall Time 
0.15 
25 
nS 
4 


\sog 
PICDO-1 Setup Time 
3.0 
nS 
7 
To PICCLK 


\sOh 
PICDO-1 Hold Time 
2.5 
nS 
7 
To PICCLK 


VT 
C C 
0 
F 
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Table 
13. Pentiume 
Processor 
75 and 100 MHz AC Specifications 
for 50-MHz Bus Operation 
(Continued) 


3.135 < V ~r.< 3.6V 
Tr.A~F = 0 to 70° 
, 
_L = 0 PI 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


t60; 
PICDO-1 Valid Delay (LtoH) 
4.0 
38.0 
nS 
5 
From 
PICClK(28,29) 


Isoj 
PICDO-1 Valid Delay (Htol) 
4.0 
22.0 
nS 
5 
From 
PICClK(28,29) 


t61 
PICClK 
Setup Time 
5.0 
nS 
To ClK 
(30) 


162 
PICClK 
Hold Time 
2.0 
nS 
To ClK 
(30) 


163 
PICClK 
Ratio (ClKlPICClK) 
4 
31 


C C 
F 


Note: 
See notes following 
Table 
18. 
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ta3b 
D/C#, W/R#, CACHE#, 
lOCK#, 
SCYC 
6.0 
nS 
7 
18,21 
Setup Time 


tase 
ADS#, M/IO# Setup Time 
8.0 
nS 
7 
18,21 


ta3d 
HIT#, HITM# Setup Time 
8.0 
nS 
7 
18,21 


ta39 
HlDA 
Setup Time 
6.0 
nS 
7 
18,21 


ta4 
ADS#, D/C#, W/R#, MlIO#, CACHE#, 
1.0 
nS 
7 
18,21 
lOCK#, 
A5-A31, 
HlDA, 
HIT#, HITM#, 
SCYC Hold Time 


ta5 
DPEN# Valid Time 
10.0 
ClKs 
18,19,23 


ta6 
DPEN# Hold Time 
2.0 
ClKs 
18,20,23 


ta7 
APIC ID (BEO#-BE3#) 
Setup Time 
2.0 
ClKs 
8 
To RESET falling 
edge(23) 


taa 
APIC ID (BEO#-BE3#) 
Hold Time 
2.0 
ClKs 
8 
From RESET falling 
edge(23) 


ta9 
D/P# Valid Delay 
1.0 
8.0 
nS 
5 
Primary Processor 


! 
Only 


Note: 
See notes following 
Table 
18. 
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3.4.5.2. 
AC Timing 
Tables 
for a 60-MHz 
Bus 


The AC specifications 
given in Table 15 and Table 16 
consist 
of output 
delays, 
input 
setup 
requirements 
and input hold requirements 
for a 60-MHz 
external 


bus. 
All 
AC 
specifications 
(with 
the 
exception 
of 


those 
for the 
TAP 
signals 
and 
APIC 
signals) 
are 


relative to the rising edge of the ClK 
input. 


Table 
15. 
Pentium~ 
Processor 
90,12'0 
and 150 MHz AC Specifications 
for 60-MHz 
Bus Operation 


All timings are referenced 
to 1.5V for both "0" and "1" 


logic 
levels 
unless 
otherwise 
specified. 
Within 
the 
sampling 
window, 
a 
synchronous 
input 
must 
be 
stable 
for 
correct 
Pentium 
processor 


75/90/100/120/133/150/166/200 
operation. 


v 
VT 
3.135 < 
ic < 3.6 
, ICASE = 
to 
;L = 
pt 


-Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


Frequency 
30.0 
60.0 
MHz 
4 


t1a 
ClK 
Period 


,. 


16.67 
33.33 
nS 
4 


t1b 
ClK 
Period Stability 
±250 
pS 
4 
Adjacent 
Clocks 


f 
(1,25) 


t2 
ClK 
High Time 
4.0 
nS 
4 
2V(1) 


b 
ClK 
low Time 
4.0 
nS 
4 
0.8V(1) 


t4 
ClK 
Fall Time 
, 
0.15 
1.5 
nS 
4 
(2.0V-0.8V)(1,5) 


ts 
ClK 
Rise Time 
0.15 
1.5 
nS 
4 
(0.8V-2.0V)(1,5) 


~a 
PWT, PCD, CACHE# 
Valid Delay 
1.0 
7.0 
nS 
5 


~b 
AP Valid Delay 
1.0 
8.5 
nS 
5 


~c 
BEO·7#, lOCK# 
Valid Delay 
0.9 
7.0 
nS 
5 


~d 
ADS#, ADSC#, 
D/C#, 
M/IO#, 
W/R#, 
0.8 
7.0 
nS 
5 
SCYC, Valid Delay 


~e 
A3-A 16 Valid Delay 
0.5 
6.3 
nS 
5 


~f 
A17-A31 
Valid Delay 
0.6 
6.3 
nS 
5 


h 
ADS#, ADSC#, 
AP, A3·A31, 
PWT, PCD, 
10.0 
nS 
5 
1 
BEO-7#, M/IO#, 
D/C#, 
W/R#, 
CACHE#, 
SCYC, lOCK# 
Float Delay 


tea 
APCHK#, 
IERR#, FERR# Valid Delay 
1.0 
8.3 
nS 
5 
4 


tab 
PCHK# Valid Delay 
1.0 
7.0 
nS 
5 
4 


t9a 
BREQ, HlDA 
Valid Delay 
1.0 
8.0 
nS 
5 
4 


t9b 
SMIACT# 
Valid Delay 
1.0 
7.6 
nS 
5 


t10a 
HIT# Valid Delay 
1.0 
8.0 
nS 
5 


tlOb 
HITM# Valid Delay 
0.7 
6.0 
nS 
5 
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Table 15. Pentium® Processor 
90,120 
and 150 MHz AC Specifications 
for 60-MHz 
Bus Operation 
(Continued) 


3.135 < V ~r.< 3.6V, Tr.AsF = 0 to 70° 
, ;, = 0 PI 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


tlla 
PMO-1, BPO-3 Valid Delay 
1.0 
10.0 
nS 
5 


tllb 
PRDY Valid Delay 
1.0 
8.0 
nS 
5 
i 


112 
00-063, 
DPO-7 Write Data Valid Delay 
1.3 
7.5 
nS 
5 


t13 
00-063, 
DPO-3 Write Data Float Delay 
10.0 
nS 
6 
1 


t14 
A5-A31 Setup Time 
6.0 
nS 
7 
26 


t15 
A5-A31 Hold Time 
1.0 
nS 
7 
~ 


116a 
INV, AP Setup Time 
5.0 
nS 
7 


t16b 
EADS# Setup Time 
5.5 
nS 
7 


t17 
EADS#, INV, AP Hold Time 
1.0 
nS 
7 


t18a 
KEN# Setup Time 
5.0 
nS 
7 


t18b 
NA#, WBNIT# 
Setup Time 
4.5 
nS 
7 


t19 
KEN#, WBNIT#, 
NA# Hold Time 
1.0 
nS 
7 


t20 
BRDY#, BRDYC# 
Setup Time 
5.0 
nS 
7 


t21 
BRDY#, BRDYC# 
Hold Time 
1.0 
nS 
7 


t22 
AHOlD, 
BOFF# Setup Time 
5.5 
nS 
7 


t23 
AHOlD, 
BOFF# Hold Time 
1.0 
nS 
7 


t24 
BUSCHK#, 
EWBE#, 
HOLD, PEN# Setup 
5.0 
nS 
7 
Time 


t25a 
BU~CHK#, 
EWBE#, 
PEN# Hold Time 
1.0 
nS 
7 


t25b 
HOLD Hold Time 
1.5 
nS 
7 


t26 
A20M#, 
INTR, STPClK# 
Setup Time 
5.0 
nS 
7 
12, 16 


t27 
A20M#, 
INTR, STPClK# 
Hold Time 
1.0 
nS 
7 
13 


t28 
INIT, FlUSH#, 
NMI, SMI#, IGNNE# Setup 
5.0 
nS 
7 
12,16,17 
Time 


t29 
INIT, FlUSH#, 
NMI,'SMI#, 
IGNNE# Hold 
1.0 
nS 
7 
13 
Time 


130 
INIT, FlUSH#, 
NMI, SMI#, IGNNE# 
Pulse 
2.0 
ClKs 
15, 17 
Width, Async 


131 
RIS# 
Setup Time 
5.0 
nS 
7 
12,16,17 


CC 
F 
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135 
00-063, 
OPO-7 Read Oata Hold Time 
1.5 
nS 
8 


136 
RESET Setup Time 
5.0 
nS 
8 
11,12,16 


137 , 
RESET Hold Time 
1.0 
nS 
8 
11, 13 


tss 
RESET Pulse Width, VCC & ClK 
Stable 
15 
ClKs 
8 
11, 17 


139 
RESET Active After Vcc & ClK 
Stable 
1.0 
mS 
8 
Power up 


40 
Reset Configuration 
Signals (INIT, 
5.0 
nS 
8 
12,16,17 
FlUSH#, 
FRCMC#) 
Setup Time 


4, 
Reset Configuration 
Signals (IN IT, 
1.0 
nS 
8 
13 
FlUSH#, 
FRCMC#) 
Hold Time 


42a 
Reset Configuration 
Signals (INIT, 
2.0 
ClKs 
8 
To RESET falling 
FLUSH#, 
FRCMC#) 
Setup Time, Async. 
edge(16) 


42b 
Reset Configuration 
Signals (INIT, 
2.0 
ClKs 
8 
To RESET falling 
FlUSH#, 
FRCMC#, 
BROYC#, 
BUSCHK#) 
edge(27) 
Hold Time, Async. 


42c 
Reset Configuration 
Signals (BROYC#, 
3.0 
ClKs 
8 
To RESET falling 
BUSCHK#) 
Setup Time, Async. 
edge(27) 


t42d 
Reset Configuration 
Signal BROYC# Hold 
1.0 
nS 
To RESET falling 
Time, RESET driven synchronously 
edge(1,27) 


43a 
BF, CPUTYP 
Setup Time 
1.0 
mS 
8 
To RESET falling 
edge(22) 


43b 
BF, CPUTYP 
Hold Time 
2.0 
ClKs 
8 
To RESET falling 
edge(22) 


430 
APICEN, 
BE4# Setup Time 
2.0 
ClKs 
8 
To RESET falling 
edge 


43d 
APICEN, 
BE4# Hold Time 
2.0 
ClKs 
8 
To RESET falling 
edge 


44 
TCK Frequency 
16.0 
MHz 
8 


45 
TCK Period 
62.5 
nS 
4 


46 
TCK High Time 
25.0 
nS 
4 
2V(1) 
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tso 
TRST# 
Pulse Width 
40.0 
nS 
10 
Asynchronous(1 
) 


ts, 
TDI, TMS Setup Time 
5.0 
nS 
9 
7 


ts2 
~DI, TMS Hold Time 
13.0 
nS 
9 
7 


tS3 
T,?O Valid Delay 
3.0 
20.0 
nS 
9 
8 


tS4 
TDO Float Delay 
25.0· 
nS 
9 
1,8 


tss 
All Non-Test Outputs Valid Delay 
3.0 
20.0 
nS 
9 
3,8,10 


tss 
All Non-Test Outputs 
Float Delay 
25.0 
nS 
9 
1,3,8, 
10 


tS7 
All Non-Test 
Inputs Setup Time 
5.0 
nS 
9 
3,7, 
10 


tS8 
All Non-Test 
Inputs Hold Time 
13.0 
nS 
9 
3,7, 
10 


APIC AC Specifications 


tsoa 
PICCLK Frequency 
2.0 
16.66 
MHz 
4 


teoe 
PICCLK Period 
60.0 
500.0 
nS 
4 


tsoc 
PICCLK High Time 
15.0 
nS 
4 


teoe 
PICCLK Low Time 
15.0 
nS 
4 


tsoe 
PICCLK Rise Time 
0.15 
2.5 
nS 
4 


tsof 
PICCLK Fall Time 
0.15 
2.5 
nS 
4 
, 


tSOg 
PICDO-1 Setup Time 
3.0 
nS 
7 
To PICCLK 


tsOh 
PICDO-1 Hold Time 
2.5 
nS 
7 
To PICCLK 


tsOi 
PICDO-1 Valid Delay (LtoH) 
4.0 
38.0 
nS 
5 
From 
PICCLK(28,29) 


tsoi 
PICDO-1 Valid Delay (HtoL) 
4.0 
22.0 
nS 
5 
From 
PICCLK(28,29) 


ts, 
PICCLK Setup Time 
5.0 
nS 
To CLK (30) 


ts2 
PICCLK Hold Time 
2.0 
nS 
To CLK (30) 


ts3 
PICCLK Ratio (CLKJPICCLK) 
4 
31 


Note: 
See notes following 
Table 
18. 
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Table 
16. 
Pentium@ Processor 
90,120 
and 150 MHz Dual Processor 
Mode 
AC Specifications 
for 60-MHz 
Bus Operation 


3.135 < vcc < 3.6V, TCASE= 0 to 70°C, Cl = 0 of 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


taoa 
PBREQ#, 
PBGNT#, 
PHIT# Flight Time 
0 
2.0 
nS 
29 


tsoe 
PHiTM# 
Flight Time 
0 
1.8 
nS 
29 


ta3a 
A5-A31 Setup Time 
3.9 
nS 
7 
18,21,26 


ta3b 
D/C#, 
W/R#, 
CACHE#, 
LOCK#, SCYC Setup Time 
4.0 
nS 
7 
18,21 
• 


ta3c 
ADS#, MIIO# Setup Time 
6.0 
nS 
7 
18,21 
I 


ta3d 
HIT#, HITM# Setup Time 
6.0 
nS 
7 
18,21 


ta3e 
HLDA Setup Time 
6.0 
nS 
7 
18,21 


ta4 
ADS#, 
D/C#, 
W/R#, 
M/IO#, 
CACHE#, 
LOCK#, A5- 
1.0 
nS 
7 
18,21 
A31, HLDA, HIT#, HITM#, SCYC Hold Time 


tas 
DPEN# Valid Time 
10.0 
CLKs 
18,19,23 


ta6 
DPEN# Hold Time 
t 
2.0 
CLKs 
18,20,23 


tal 
APIC ID (BEO#-BE3#) 
Setup Time 


I 
2.0 
CLKs 
8 
To RESET 
falling edge(23) 


taa 
APIC ID (BEO#-BE3#) 
Hold Time 
2.0 
CLKs 
8 
From RESET 
falling edge(23) 


ta9 
D/P# Valid Delay 
1.0 
8.0 
nS 
5 
Primary 
Processor 
Only 


Note: 
See notes following 
Table 
18. 


3.4.5.3. 
AC Timing 
Tables 
for a 66-MHz 
Bus 
All timings are referenced 
to 1.5V for both "0" and "1" 


logic 
levels 
unless 
otherwise 
specified. 
Within 
the 
sampling 
window, 
a 
synchronous 
input 
must 
be 
stable 
for 
correct 
Pentium 
processor 
75/90/100/120/133/150/166/200 
operation. 


The AC specifications 
given in Table 17 and Table 18 
consist 
of output 
delays, 
input 
setup 
requirements 
and input hold requirements 
for a 66-MHz 
external 
bus. 
All 
AC 
specifications 
(with 
the 
exception 
of 
those 
for the TAP 
signals 
and AP 
IC signals) 
are 
relative to the rising edge of the CLK input. 
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Table 
17. 
Pentium«' 
Processor 
lOO, 133, 166 and 200 MHz AC Specifications 
for 66-MHz 
Bus Operation 


3135 
V 
36V 
T 
< 
ic c 
, 
I CASE = 
0 
, 
L = 
PI 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


Frequency 
33.33 
66.6 
MHz 


t1a 
ClK 
Period 


, 


15.0 
30.0 
nS 
4 


t1b 
ClK 
Period Stability 
±250 
pS 
Adjacent 
Clocks (1,25) 


t2 
ClK 
High Time 
4.0 
nS 
4 
2V(1) 


IJ 
ClKlowTime 
4.0 
nS 
4 
0.8V(1) 


4 
ClK 
Fall Time 
0.15 
1.5 
nS 
5 
(2.0V-o.8V)(1 
) 


ts 
ClK 
Rise Time 
0.15 
1.5 
nS 
4 
(0.8V-2.0V)(1 
) 


lGa 
PWT, PCD, CACHE# 
Valid Delay 
1.0 
7.0 
nS 
5 


1Gb 
AP Valid Delay 
1.0 
8.5 
nS 
5 


lGe 
BEO-7#, lOCK# 
Valid Delay 
0.9 
7.0 
nS 
5 


IGd 
ADS# Valid Delay 
0.8 
6.0 
nS 
5 


!se 
ADSC#, 
D/C#, W/R#, SCYC, Valid Delay 
0.8 
7.0 
nS 
5 


IGf 
M/IO# Valid Delay 
0.8 
5.9 
nS 
5 


1G9 
A3-A 16 Valid Delay 
0.5 
6.3 
nS 
5 


IGh 
A17-A31 
Valid Delay 
0.6 
6.3 
nS 
5 


t7 
ADS#, ADSC#, 
AP, A3-A31, 
PWT, PCD, 
10.0 
nS 
6 
1 
BEO-7#, M/IO#, D/C#, W/R#, CACHE#, 
SCYC, lOCK# 
Float Delay 


laa 
APCHK#, 
IERR#, FERR# Valid Delay 
1.0 
8.3 
nS 
5 
4 


lab 
PCHK# Valid Delay 
1.0 
7.0 
nS 
5 
4 


ha 
BREQ Valid Delay 
1.0 
8.0 
nS 
5 
4 


t9b 
SMIACT# 
Valid Delay 
1.0 
7.3 
nS 
5 
4 


tge 
HlDA 
Valid Delay 
1.0 
6.8 
nS 
5 


t10a 
HIT# Valid Delay 
1.0 
6.8 
nS 
5 


t10b 
HiTM# Valid Delay 
0.7 
6.0 
nS 
5 


t11a 
PMO-l, 
BPO-3 Valid Delay 
1.0 
10.0 
nS 
5 


t11b 
PRDY Valid Delay 
1.0 
8.0 
nS 
5 


t12 
DO-D63, DPO-7 Write Data Valid Delay 
1.3 
7.5 
nS 
5 
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t'6b 
EADS# Setup Time 
5.0 
nS 
7 


t'7 
EADS#,INV, 
AP Hold Time 
1.0 
nS 
7 


t,sa 
KEN# Setup Time 
5.0 
nS 
7 


tise 
NA#, WB/WT# 
Setup Time 
4.5 
nS 
7 


t'9 
KEN#, WB/WT#, 
NA# Hold Time 
1.0 
nS 
7 


t20 
BRDY#, BRDYC# 
Setup Time 
5.0 
nS 
7 


t2' 
BRDY#, BRDYC# 
Hold Time 
1.0 
nS 
7 


t22 
AHOLD, 
BOFF# Setup Time 
5.5 
nS 
7 


t23 
AHOLD, 
BOFF# Hold Time 
1.0 
nS 
7 


t24a 
BUSCHK#, 
EWBE#, 
HOLD Setup Time 
5.0 
nS 
7 


t24b 
PEN# Setup Time 
4.8 
nS 
7 


t25a 
BUSCHK#, 
EWBE#, 
PEN# Hold Time 
1.0 
nS 
7 


t25b 
HOLD Hold Time 
1.5 
nS 
7 


t26 
A20M#, 
INTR, STPCLK# 
Setup Time 
5.0 
nS 
7 
12, 16 


t27 
A20M#, 
INTR, STPCLK# 
Hold Time 
1.0 
nS 
7 
13 


t2s 
INIT, FLUSH#, 
NMI, SMI#, IGNNE# Setup 
5.0 
nS 
7 
12, 16, 17 
Time 


t29 
INIT, FLUSH#, 
NMI, SMI#, IGNNE# Hold 
1.0 
nS 
7 
13 
Time 
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b3 
R/S# Pulse Width, Async. 
2.0 
ClKs 
15,17 


134 
00-063, 
OPO-7 Read Data Setup Time 
2.8 
nS 
7 


bs 
00-063, 
OPO-7 Read Data Hold Time 
1.5 
nS 
7 


tse 
RESET Setup Time 
5.0 
nS 
8 
11,12,16 


b7 
RESET Hold Time 
1.0 
nS 
8 
11, 13 


be 
RESET Pulse Width, vcc & ClK 
Stable 
15.0 
ClKs 
8 
11, 17 


b9 
RESET Active After vcc & ClK 
Stable 
1.0 
mS 
8 
Power up 


40 
Reset Configuration 
Signals (lNIT, 
5.0 
nS 
8 
12, 16, 17 
FlUSH#, 
FRCMC#) 
Setup Time 


4, 
Reset Configuration 
Signals (INIT, 
1.0 
nS 
8 
13 
FlUSH#, 
FRCMC#) 
Hold Time 


42a 
Reset Configuration 
Signals (INIT, 
2.0 
ClKs 
8 
To RESET falling 
FlUSH#, 
FRCMC#) 
Setup Time, Async. 
edge(16) 


42b 
Reset Configuration 
Signals (INIT, 
2.0 
ClKs 
8 
To RESET falling 
FlUSH#, 
FRCMC#, 
BROYC#, 
BUSCHK#) 
edge(27) 
Hold Time, Async. 


42c 
Reset Configuration 
Signals (BROYC#, 
3.0 
ClKs 
8 
To RESET falling 
BUSCHK#) 
Setup Time, Async. 
edge(27) 


1 


42d 
Reset Configuration 
Signal BROYC# Hold 
1.0 
nS 
To RESET falling 
Time, RESET driven synchronously 
edge(1,27) 


43a 
BF, CPUTYP 
Setup Time 
1.0 
mS 
8 
To RESET falling 
edge(22) 
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Table 
17. 
Pentium® 
Processor 
100, 133, 166 and 200 MHz AC Specifications 
for 66·MHz 
Bus Operation 


(Continued) 


v 
VT 
3.135 < 
~c < 3.6 
, I CASE 
- 
to 
;L = 
I PI 


Symbol 
Parameter 
Mln 
Max 
Unit 
Figure 
Notes 


43b 
BF, CPUTYP 
Hold Time 
2.0 
ClKs 
8 
To RESET falling 
edge(22) 


43c 
APICEN, 
BE4# Setup Time 
2.0 
ClKs 
8 
To RESET falling edge 


43d 
APICEN, 
BE4# Hold Time 
2.0 
ClKs 
8 
To RESET falling edge 


44 
TCK Frequency 
16.0 
MHz 


45 
TCK Period 
62.5 
nS 
4 


46 
TCK High Time 
25.0 
nS 
4 
2V(1) 
. 


47 
rck low Time 
25.0 
nS 
4 
0.8V(1) 


48 
TCK Fall Time 
5.0 
nS 
4 
(2.0V-o.8V)(1,8,9) 


49 
TCK Rise Time 
5.0 
nS 
4 
(0.8V-2.0V)(1,8,9) 


t50 
TRST# 
Pulse Width 
40.0 
nS 
10 
Asynchronous(1 
) 


t51 
TDI, TMS Setup Time 
5.0 
nS 
9 
7 


t52 
TDI, TMS Hold Time 
13.0 
nS 
9 
7 


t53 
TOO Valid Delay 
3.0 
20.0 
nS 
9 
8 


t54 
TOO Float Delay 
25.0 
nS 
9 
1,8 


t55 
All Non-Test Outputs Valid Delay 
3.0 
20.0 
nS 
9 
3,8,10 


t56 
All Non-Test 
Outputs Float Delay 
25.0 
nS 
9 
1,3,8,10 
, 


t57 
All Non-Test 
Inputs Setup Time 
5.0 
nS 
9 
3,7,10 


t58 
All Non-Test 
Inputs Hold Time 
13.0 
nS 
9 
3,7, 
10 


APIC AC Specifications 


Isoa 
PICClK 
Frequency 
2.0 
16.66 
MHz 


teoe 
PICClK 
Period 
60.0 
500.0 
nS 
4 
.. 


t60c 
PICClK 
High Time 
15.0 
nS 
4 


t60d 
PICClK 
low Time 
15.0 
nS 
4 


t609 
PICClK 
Rise Time 
0.15 
2.5 
nS 
4 


Isot 
PICClK 
Fall Time 
0.15 
2.5 
nS 
4 
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Table 
17. 
Pentiuml!ll Processor 
100, 133, 166 and 200 MHz AC Specifications 
for 66·MHz 
Bus Operation 
(Continued) 


v 
V T 
3.135 < 
:c < 3.6 
, 
I CASE = 
0 
, 
L = 
'PI 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


Isog 
PICDO-1 Setup Time 
3.0 
. 
nS 
7 
To PICCLK 


IsOh 
PICDO-1 Hold Time 
2.5 
nS 
7 
To PICCLK 


IsOi 
PICDO-1 Valid Delay (LtoH) 
4.0 
38.0 
nS 
5 
From PICCLK(28,29) 


Isoj 
PICDO-1 Valid Delay (HtoL) 
4.0 
22.0 
nS 
5 
From PICCLK(28,29) 


1s1 
PICCLK Setup Time 
5.0 
nS 
To CLK (30) 


1s2 
PICCLK 
Hold Time 
2.0 
nS 
To CLK (30) 


1s3 
PICCLK 
Ratio (CLKlPICCLK) 
4 
31 


Note: 
See notes following 
Table 
18. 
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t83c 
ADS#, M/IO# Setup Time 
5.8 
nS 
7 
18,21 


1a3d 
HIT#, HITM# Setup Time 
6.0 
nS, 
7 
18,21 
, 


t839 
HlDA 
Setup Time 
6.0 
nS 
7 
18,21 


1a4 
ADS#, 
D/C#, W/R#, M/IO#, CACHE#, 
lOCK#, 
1.0 
nS 
7 
18,21 


A5-A31, 
HLDA, HIT#, HITM#, SCYC Hold Time 


t85 
DPEN# Valid Time 
10.0 
ClKs 
18,19,23 


t86 
DPEN# Hold Time 
2.0 
ClKs 
18,20,23 


la? 
APIC ID (BEO#-BE3#) 
Setup Time 
2.0 
ClKs 
8 
To RESET 
falling edge(23) 


t88 
" 
APIC ID (BEO#-BE3#) 
Hold Time 
2.0 
ClKs 
8 
From RESET 
falling edge(23) 


t89 
D/P# Valid Delay 
1.0 
8.0 
nS 
5 
Primary 
Processor 
Only 


NOTES: 


Notes 2, 6, and 14 are general 
and apply to all standard 
TTl 
signals 
used with the Pentiurn® 
processor 
family. 


1. 
Not 100% tested. 
Guaranteed 
by design/characterization. 


2. 
TTl 
input test waveforms 
are assumed 
to be 0 to 3V transitions 
with 1V/nS rise and fall times. 


3. 
Non-test 
outputs 
and inputs are the normal output or input signals 
(besi~s 
TCK, TRST#, 
TOI, TOO, and TMS). These 
timings 
correspond 
to the response 
of these signals 
due to boundary 
scan operations. 


4. 
APCHK#, 
FERR#, 
HlOA, 
IERR#, 
lOCK#, 
and PCHK# 
are glitch-free 
outputs. 
Glitch-free 
signals 
monotonically 
transition 
without 
false transitions 
(i.e., glitches). 


5. 
0.8V/ns 
~ ClK 
input rise/fall time ~ 8V/ns. 


6. 
0.3V/ns 
s input rise/fall time ~ 5V/ns. 


7. 
Referenced 
to TCK rising edge. 


8. 
Referenced 
to TCK falling edge. 


9. 
1 ns can be added to the maximum 
TCK rise and fall times for every 
10 MHz of frequency 
below 33 MHz. 


10. 
During probe 
mode operation, 
do not use the boundary 
scan timings 
(tss-se). 
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11. 
FRCMC# 
should 
be tied to Vcc (high) to ensure 
proper operation 
of the Pentium 
processor 


75/90/100/120/133/150/166/200 
as a primary 
processor. 


12. 
Setup time is required 
to guarantee 
recognition 
on a specific 
clock. Pentium 
processor 
75/90/100112011331150/166/200 
must meet this specification 
for dual processor 
operation 
for the FlUSH# 
and RESET 
signals. 


13. 
Hold time is required 
to guarantee 
recognition 
on a specific 
clock. 
Pentium 
processor 
75/90/100/120/133/150/166/200 
must meet this specification 
for dual processor 
operation 
for the FlUSH# 
and RESET 
signals. 


14. 
All TTl 
timings 
are referenced 
from 1.5V. 


15. 
To guarantee 
proper asynchronous 
recognition, 
the signal 
must have been de-asserted 
(inactive) 
for a minimum 
of 2 
clocks before 
being returned 
active and must meet the minimum 
pulse width. 


16. 
This input may be driven asynchronously. 
However, 
when operating 
two processors 
in dual processing 
mode, 
FlUSH# 
and RESET 
must be asserted 
synchronously 
to both processors. 


17. 
When driven asynchronously, 
RESET, 
NMI, FlUSH#, 
RlS#, INIT, and SMI# must be de-asserted 
(inactive) 
for a minimum 


of 2 clocks 
before 
being returned 
active. 


18. 
Timings 
are valid only when dual processor 
is present. 


19. 
Maximum 
time DPEN# 
is valid from rising edge of RESET. 


20. 
Minimum 
time DPEN# 
is valid after falling edge of RESET. 


21. 
The D/C#, M/IO#, W/R#, CACHE#, 
and A5-A31 
signals 
are sampled 
only on the ClK 
that ADS# is active. 


22. 
BF and CPUTYP 
should 
be strapped 
to Vcc or Vss. 


23. 
RESET 
is synchronous 
in dual processing 
mode and functional 
redundancy 
checking 
mode. All signals 
which 
have a 
setup or hold time with respect 
to a falling or rising edge of RESET 
in UP mode, should 
be measured 
with respect 
to the 
first processor 
clock edge in which 
RESET 
is sampled 
either active or inactive 
in dual processing 
and functional 
redundancy 
checking 
modes. 


24. 
The PHIT# and PHITM# 
signals 
operate 
at the core frequency. 


25. 
These signals 
are measured 
on the rising edge of adjacent 
ClKs 
at 1.5V. To ensure a 1:1 relationship 
between 
the 
amplitude 
of the input jitter and the intemal 
and external 
clocks, 
the jitter frequency 
spectnum should 
not have any power 
spectrum 
peaking 
between 
500 KHz and 1/3 of the ClK 
operating 
frequency. 
The amount 
of jitter present 
must be 
accounted 
for as a component 
of ClK 
skew between 
devices. 


26. 
In dual processing 
mode, timing tu 
is replaced 
by t83o. Timing 
t14 is required 
for external 
snooping 
(e.g., address 
setup to 
the ClK 
in which 
EADS# 
is sampled 
active) 
in both uniprocessor 
and dual processor 
modes. 


27. 
BRDYC# 
and BUSCHK# 
are used as reset configuration 
signals 
to select buffer size. 


28. 
This assumes 
an external 
pullup 
resistor 
to Vcc and a lumped 
capacitive 
load. The pullup resistor 
must be between 
300 
ohms and 1k ohms, the capacitance 
must be between 
20 pF and 240 pF, and the RC product 
must be between 
3ns and 


36ns. VOl for PICDO-1 is 0.55V. 


29. 
This is a flight time specification, 
that includes 
both flight time and clock skew. The flight time is the time from where the 


unloaded 
driver crosses 
1.5V (50% of min Vcc), to where the receiver 
crosses 
the 1.5V level (50% of min Vcc). See 
Figure 
11. 


30. 
This is for the lock 
Step operation 
of the component 
only. This guarantees 
that APIC interrupts 
will be recognized 
on 
specific 
clocks to support 
two processors 
nunning in a lock 
Step fashion, 
including 
FRC mode. FRC on the APIC pins is 
not supported 
but mismatches 
on these pins will result in a mismatch 
on other pins of the CPU. 


31. 
The ClK 
to PICClK 
ratio for lock 
Step operation 
has to be an integer and the ratio (ClKlPICClK) 
cannot 
be smaller 
than 


4. 


Each valid delay is specified 
for a 0 pF load. The system 
designer 
should 
use 1/0 buffer models to account 
for signal flight 


time delays. 
. 
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Tv 


1.5V 


Ty 


Tv = 15. 149. 160e; Tw = 14. 148. 1601;Tx = 13. 147. 160d 


Ty = 11. 145. 160b; Tz = 12. 146. 160c 


,"""" 


Figure 4. Clock Waveform 


Signal 


Tx = 16. 18. 19. 110. 111. 112. 160i. 180. 189 


2-41997·5 


Figure 5. Valid Delay Timings 
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'99706 


1.5V 


Signal 


Tx = 17, 113 


Ty = 16min, 112min 


Tx = 17, 113; Ty = 16min, 112min 


Figure 6. Float Delay Timings 


199707 


eLK 


Signal 
VALID 


Tx = 114, 116, 118, 120, 122, 124, 126,'128, 131, 134, 160g (10 PICCLK),181, 
183 


Ty = ns. 117, 119, 121, 123, 125, 127, 129, 132, 135, 160h (10 PICCLK), 
182, 184 


Figure 7. Setup and Hold Timings 
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1907!JO 


elK 


••• 


RESET 
•••••• 
1.5V 


Config 
VALID 


Tw 
~----------------------~~~~ 


Tt = 140, Tu = 141, Tv = 137, T w =142, 143a, 143c, 187, Tx = 143b, 143d, 188, Ty = 138, 139, Tz = 136 


Figure 8. Reset and Configuration 
Timings 


TCK 


TOI 
TMS 


Output 
Signals 


Input 


Signals 


~ 
T, 
\ \ \ \ \ +-----I~==t\\\\\\\ 


Tr = 157, Ts = 158, Tu = 154, Tv = 151, Tw = 152, Tx = 153, Ty = 155, Tz = 156 


Figure 9. Test Timings 
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TRST# 


Tx=t50 


Figure 10. Test Reset Timings 


111171' 


Signal level 


65% V'" 


v•• 


Figure 11. 50% Vcc Measurement of Flight Time 
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4.0. 
MECHANICAL 
SPECIFICATIONS 
replaced with a package which has no attached 
spreader. In this section, both ceramic (spreader and 
non-spreader) -as well as 
plastic packages 
are 
shown. 
The 
Pentium 
processor 
75/90/100/120/133/1501 
166/200 is packaged in 296-pin staggered pin grid 
array ceramic (SPGA) or plastic (PPGA) packages. 
The pins are arranged in a 37 x 37 matrix and the 
package dimensions are 1.95' x 1.95' (Table 19). A 
1.25' x 1.25" copper tungsten heat spreader may be 
attached to the top of some of the ceramic packages. 
This 
package 
design 
with 
spreader 
has 
been 


The 
mechanical specifications 
for 
the 
Pentium 
processor 
75/90/100/120/133/150/166/200 
are 
provided in Tables 20-22. Figures 12-14 show the 
package dimensions. 


Table 19. Package Information Summary for Pentlum Processor 75190/1001120/1331150/1661200 


Package Type 
Total 
Pin Array 
Package Size 
Pins 


Ceramic Staggered Pin Grid Array 
SPGA 
296 
37 x37 
1.95" x 1.95" 
4.95 cm x 4.95 cm 


Plastic Staggered Pin Grid Array 
PPGA 
296 
37x37 
1.95" x 1.95' 
4.95 cm x 4.95 cm 
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Figure 12. SPGA Package 
Dimensions 
with Heat Spreader 
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B 
0.43 
0.51 
0.017 
0.020 


D 
49.28 
49.78 
1.940 
1.960 


D1 
45.59 
45.85 
1.795 
1.805 


D2 
31.50 
32.00 
1.240 
1.260 


e1 
2.29 
2.79 
0.090 
0.110 


L 
3.05 
3.30 
0.120 
0.130 


N 
296 
Lead Count 
296 
Lead Count 


81 
1.52 
2.54 
0.060 
0.100 
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Figure 13. SPGA Package 
Dimensions 
without 
Heat Spreader 
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Table 21. SPGA Package 
Dimensions 
without 
Heat Spreader 


Mill Imeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
2.62 
2.97 
0.103 
0.117 


Al 
0.69 
0.84 
Ceramic Lid 
0.027 
0.033 
Ceramic 
Lid 


A2 
3.31 
3.81 
Ceramic 
Lid 
0.130 
0.150 
Ceramic 
Lid 


B 
0.43 
0.51 
0.017 
0.020 


D 
49.28 
49.78 
1.940 
1.960 


Dl 
45.59 
45.85 
1.795 
1.805 


el 
2.29 
2.79 
0.090 
0.110 


L 
3.05 
3.30 
0.120 
0.130 


N 
296 
Lead Count 
296 
Lead Count 


81 
1.52 
2.54 
0.060 
0.100 
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PIN CJ 


DET •••• A 


Figure 14. PPGA Package 
Dimensions 
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Table 22. 
PPGA Package 
Dimensions 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
2.72 
3.33 
0.107 
0.131 


A, 
1.83 
2.23 
0.072 
0.088 


A2 
1.00 
0.039 


B 
0.40 
0.51 
0.016 
0.020 


D 
49.43 
49.63 
1.946 
1.954 


D, 
45.59 
45.85 
I 
1.795 
1.805 


D2 
23.44 
23.95 
0.923 
0.943 


e, 
2.29 
2.79 
, 
0.090 
0.110 


F, 
17.56 
0.692 


F2 
23.04 
0.907 


L 
3.05 
3.30 
0.120 
0.130 


N 
296 
Lead Count 
296 
Lead Count 


S, 
1.52 
2.54 
0.060 
0.100 


5.0. 
THERMAL 
SPECIFICATIONS 


Due to the advanced 
3.3V BiCMOS 
process that it is 
produced 
on, 
the 
Pentium 
processor 
75/90/100/120/133/150/166/200 
dissipates 
less 
power than the Pentium processor 
60/66 . 


The 
Pentium 
processor 
75/90/100/120/133/150/ 
166/200 is specified 
for proper operation 
when case 
temperature, 
TCASE, (Tc) is within the specified 
range 
of O°C to 70°C. 


5.1. 
Measuring 
Thermal 
Values 


To verify 
that the proper 
TC (case 
temperature) 
is 
maintained, 
it should 
be measured 
at the center 
of 
the package 
top surface 
(opposite 
of the pins). The 
measurement 
is 
made 
in the 
same 
way 
with 
or 
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without 
a heat sink attached. 
When 
a heat sink 
is 
attached, 
a 
hole 
(smaller 
than 
0.150" 
diameter) 
should 
be 
drilled 
through 
the 
heat 
sink 
to 
allow 
probing the center of the package. 
See Figure 15 for 
an illustration 
of how to measure Tc. 


To 
minimize 
the 
measurement 
errors 
it 
is 
recommended 
to use the following approach:' 


• 
Use 36-gauge 
or finer diameter 
K, T, or J type 
thermocouples. 
The laboratory 
testing was done 
using 
a thermocouple 
made 
by 
Omega 
(part 
number: 5TC-TTK-36-36). 


• 
Attach 
the thermocouple 
bead or junction 
to the 
center 
of the 
package 
top 
surface 
using 
high 
thermal 
conductivity 
cements. 
The 
laboratory 
testing 
was 
done 
by using 
Omega 
Bond 
(part 
number: OB-1 00). 
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P= 


junction-to-case 
thermal 
resistance. (2C/Watt) 


maximum 
power 
consumption 
(Watt) 


Tables 23-26 
list the SeA values for the Pentium 
processor 
75/90/100/120/133/150/166/200 
with 


,passive heat sinks. Figures 16-17 show Tables 23- 
24 in graphic format. 


Figure 15. Technique 
for Measuring Tc" 


"Thouqh 
the figure shows 
the package 
with a heat spreader, 
the same technique 
applies to measuring 
Tc of the package 
without 
a heat spreader. 
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Table 23. 
Thermal 
Resistances 
for SPGA Packages 
with 
Heat Spreader 


Heat Sink 
Height 
in 
9JC CCIWatt) 
9cA(OCIWatt) vs. Laminar 
Airflow 
(linear 
ftlmin) 
Inches 


0 
100 
200 
400 
600 
800 


0.25 
0.8 
8.7 
7.6 
6.2 
4.0 
3.2 
2.6 


0.35 
0.8 
8.4 
7.1 
5.6 
3.6 
2.9 
2.4 


0.45 
0.8 
8.0 
6.6 
4.9 
3.2 
2.5 
2.1 


0.55 
0.8 
7.7 
6.1 
4.3 
2.8 
2.2 
1.9 


0.65 
0.8 
7.3 
5.6 
3.9 
2.6 
2.0 
1.7 


0.80 
0.8 
6.6 
4.9 
3.5 
2.2 
1.8 
1.6 


1.00 
0.8 
5.9 
4.2 
3.2 
2.2 
1.7 
1.4 


1.20 
0.8 
5.5 
3.9 
2.9 
2.0 
1.6 
1.4 


1.40 
0.8 
5.0 
3.5 
2.6 
1.8 
1.5 
1.3 


Without Heat Sink 
1.3 
11.4 • 
10.5 
8.7 
5.7 
4.5 
3.8 


NOTE: 
See notes following 
Table 26. 


; 
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Ctl 
6 
~ 
~ 
s:~ 
4 


2 


0 
0 
0.2 
0.4 
0.6 
0.8 
1.2 
1.4 


-o-OLFM 


~100LFM 


---- 
200 LFM 


--400LFM 


-.- 
600LFM 


-<>- 800 LFM 


1.6 


Heat Sink Height (in) 


Figure 16. Thermal Resistance vs. Heatsink Height, SPGA Packages with Heat Spreader 
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0.55 
0.8 
8.1 
6.5 
4.7 
3.2 
2.6 
2.3 


0.65 
0.8 
7.7 
6.0 
4.3 
3.0 
2.4 
2.1 


0.80 
0.8 
7.0 
5.3 
3.9 
2.8 
2.2 
2.0 


1.00 
0.8 
6.3 
4.6 
3.6 
2.6 
2.1 
1.8 


1.20 
0.8 
5.9 
4.3 
3.3 
2.4 
2.0 
1.8 


1.40 
0.8 
5.4 
3.9 
3.0 
2.2 
1.9 
1.7 


Without Heat Sink 
1.3 
14.4 
13.1 
11.7 
8.8 
7.4 
6.5 


NOTE: 
See notes following 
Table 26. 
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__ 
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0.25 
0.35 
0.45 
0.55 
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1.2 


Heat Sink Height (In) 


Figure 17. Thermal 
Resistance 
vs. Heatsink 
Height, SPGA Packages without 
Heat Spreader- 
Pentiu~ 
Processor 
75, 90, 100 and 120 MHz 
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Table 25. 
Thermal 
Resistances 
for SPGA Packages 
without 
Heat Spreader- 
Pentium® 
Processor 
133, 150, 166 and 200 MHz 


Heat Sink Height 
in 
9JC (OClWatt) 
9CA(OClWatt) vs. Laminar 
Airflow 
(linear 
ftlmin) 
Inches 


0 
100 
200 
400 
600 
800 


0.25 
1.25 
9.4 
8.3 
6.9 
4.7 
3.9 
3.3 


0.35· 
1.25 
9.1 
7.8 
6.3 
4.3 
3.6 
3.1 


0.45 
1.25 
8.7 
7.3 
5.6 
3.9 
3.2 
2.8 


0.55 
1.25 
8.4 
6.8 
5.0 
3.5 
2.9 
2.6 


0:65 
1.25 
8.0 
6.3 
4.6 
3.3 
2.7 
2.4 


0.80 
1.25 
7.3 
5.6 
4.2 
2.9 
2.5 
2.3 


1.00 
1.25 
6.6 
4.9 
3.9 
2.9 
2.4 
2.1 


1.20 
1.25 
6.2 
4.6 
3.6 
2.7 
2.3 
2.1 


1.40 
1.25 
5.7 
4.2 
3.3 
2.5 
2.2 
2.0 


Without Heat Sink 
1.7 
14.5 
13.8 
12.6 
10.5 
8.6 
7.5 


NOTE: 
See notes following 
Table 26. 
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Table 26. Thermal 
Resistances 
for PPGA Packages 


Heat Sink 
Height 
in 
6JC (OCJWatt) 
6CA(OCJWatt) vs. Lamlnar 
Airflow 
(linear 
ftlmln) 
Inches 


0 
100 
200 
400 
600 
800 


0.25 
0.5 
9.0 
7.9 
6.5 
4.3 
3.5 
2.9 


0.35 
0.5 
8.7 
7.4 
5.9 
3.9 
3.2 
2.7 


0.45 
0.5 
8.3 
6.9 
5.2 
3.5 
2.8 
2.4 


0.55 
0.5 
8.0 
6.4 
4.6 
3.1 
2.5 
2.2 


0.65 
0.5 
7.6 
5.9 
4.2 
2.9 
2.3 
2.0 


0.80 
0.5 
6.9 
5.2 
3.8 
2.5 
2.1 
1.9 


1.00 
0.5 
6.2 
4.5 
3.5 
2.5 
2.0 
1.7 


1.20 
0.5 
5.8 
4.2 
3.2 
2.3 
1.9 
1.7 


1.40 
0.5 
5.3 
3.8 
2.9 
2.1 
1.8 
1.6 


None 
1.3 
13.0 
12.3 
11.4 
8.0 
6.6 
5.7 


NOTES: 


Heat sinks are ornni directional 
pin aluminum 
alloy. 


Features 
were based on standard 
extrusion 
practices 
for a given height 


Pin size ranged from 50 to 129 mils 


Pin spacing 
ranged from 93 to 175 mils 


Based thickness 
ranged from 79 to 200 mils 


Heat sink attach was 0.005" 
of thermal 
grease. 


Attach 
thickness 
of 0.002" will improve 
performance 
approximately 
0.3"ClWatt 


6.0. 
OverDrive((j)PROCESSOR 
SOCKET 
SPECIFICATION 
6.2. 
Socket 5 


6.1. 
Introduction 
Two 
upgrade 
sockets 
have 
been 
defined 
for 
the 
Pentium 
processor-based 
systems 
as 
part 
of 
the 
processor 
architecture. 
Socket 
5 has been defined 
for Pentium 
processor 
75, 90, 100, and 
120 MHz- 
based 
systems 
and 
is 
defined 
in 
the 
Pentiurrf/P 
Processor 
Family 
Developer's 
Manual, 
Volume 
1. 
Socket 5 does not support 
upgradability 
for 133 MHz 
or higher processors. 


The OverDrive 
processors 
are end-user 
single 
chip 


CPU upgrade 
products 
for Pentium processor-based 


systems. 
The 
OverDrive 
processors 
will speed 
up 


most 
software 
applications 
and 
are 
binary 
compatible 
with the Pentium processor. 
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Socket 5 supports the following 
upgrades: 


Original 
OverDrive 
Processor 
Qj) 


Processor 


Pentiurn® processor 75 MHz at 
125 MHz 


iCOMf'® 
index 2.0 rating 67 


Pentium processor 90 MHz at 
150 MHz 
iCOMP index 2.0 rating 81 


Pentium 
Processor 100 MHz at 
166 MHz 
i COMP index 2.0 rating 90 


Pentium 
Processor 120 MHz at 
180 MHz1 
i COMP index 2.0 rating 100 


NOTE: 
1. 
This is a future OverDrive® upgrade processor. 


6.3. 
Socket 7 


Socket 7 has been defined as the upgrade socket for 
the Pentium processor 
133,150,166 
and 200 MHz in 
addition 
to the Pentium 
processor 
75, 90, 100, and 
120 MHz. 
The 
flexibility 
of the 
Socket 
7 definition 
makes 
it backward 
compatible 
with 
Socket 
5 and 
should be used for all new Pentium processor-based 
system 
designs. 
The 
Socket 
7 
support 
requires 
minor changes 
from Socket 5 designs - an additional 
key pin, 3.3V clocks, 
additional 
supply 
current, 
etc. 
Contact 
Intel 
for 
further 
information 
regarding 
the 
Socket 7 specifications. 


. In 
addition 
to 
supporting 
all 
of 
the 
OverDrive 
processors 
for 
Socket 
5, 
Socket 
7 
supports 
the 
following 
CPU upgrades: 


Future 
Original 
OverDrive 
Processor 
Qj) 


Processor 


Pentiurn® processor 75 MHz at 
150 MHz 
iCOMf'® 
index 2.0 rating 67 


Pentium processor 90 MHz at 
iCOMP index 2.0 rating 81 


Pentium processor 
120 MHz at 
180 MHz 
iCOMP Index 2.0 rating 100 


Pentium processor 
150 MHz at 
iCOMP index 2.0 rating 114 


Pentium processor 
100 MHz at 
iCOMP index 2.0 rating 90 


Pentium processor 
133 MHz at 
200 MHz 
iCOMP index 2.0 rating 111 


Pentium processor 
166 MHz at 
iCOMP index 2.0 rating 127 
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• 
\"ompallDle 
wlln Large eortware esase 
• 
4-MDYle ~ages Tor mcreasea 
I Lts Nit 
- 
MS-DOS*, 
Windows*, 
OS/2*, UNIX* 
Rate 
• 
32-Bit Processor 
with 64-Bit Data Bus 
• 
IEEE 1149.1 Boundary 
Scan 
• 
Superscalar 
Architecture 
• 
Dual Processing 
Configuration 
Enhanced 
Pipelines 
• 
Internal 
Error Detection 
Features 
Two Pipelined 
Integer 
Units 
Multi-Processor 
Support 
Capable 
of Two Instructions 
per 
• 
Clock 
- 
Multiprocessor 
Instructions 


Pipelined 
MMX Unit 
- 
Support 
for Second 
Level Cache 
Pipelined 
Floating-Point 
Unit 
• 
On-Chip 
Local APIC Controller 
• 
Separate 
Code and Data Caches 
- 
MP Interrupt 
Management 
16-Kbyte 
Code, 16-Kbyte 
Write 
- 
8259.c0mpatible 


Back Data 
• 
Power Management 
Features 
MESI Cache 
Protocol 
- 
System 
Management 
Mode 
• 
Advanced 
Design 
Features 
- 
Clock Control 
Deeper Write Buffers 
• 
Fractional 
Bus Operation 
Enhanced 
Branch 
Prediction 
233 MHz Core/66 
MHz Bus 
Feature 
200 MHz Core/66 
MHz Bus 
Virtual 
Mode Extensions 
166 MHz Core/66 
MHz Bus 


The Pentium® processor 
with MMXTM technology 
extends 
the Pentium processor 
family, providing 
performance 
needed 
for mainstream 
desktop 
applications 
as well as for workstations. 
The 
Pentium 
processor 
with 
MMX 
technology 
is compatible 
with the entire 
installed 
base 
of applications 
for MS-DOS', 
Windows', 
OS/2' 
and 
UNIX'. 
The 
Pentium 
processor 
with 
MMX 
technology 
is the 
first 
microprocessor 
to 
support 
Intel 
MMX 
technology. 
Furthermore, 
the Pentium processor 
with MMX technology 
superscalar 
architecture 
can execute 
two 
instructions 
per clock cycle. 
Enhanced 
branch prediction 
and separate 
caches 
also increase 
performance. 
The 
pipelined 
floating-pOint 
unit delivers 
workstation 
level 
performance. 
Separate 
code 
and data 
caches 
reduce 
cache 
conflicts 
while 
remaining 
software 
transparent. 
The 
Pentium 
processor 
with 
MMX 
technology 
has 
4.5 million transistors 
and is built on Intel's enhanced 
CMOS silicon technology. 


The Pentium 
processor 
with MMX technology 
may contain design defects 
or errors known 
as errata that may 
cause 
the 
product 
to deviate 
from 
published 
specifications. 
Current 
characterized 
errata 
are 
available 
on 
request. 


June 
1997 
Order 
Number. 
243185.004 
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1.0. 
MICROPROCESSOR 
ARCHITECTURE 
OVERVIEW 


The 
Pentium® 
processor 
with 
MMXTM technology 
extends 
the Intel Pentium family of microprocessors. 
It is 
binary 
compatible 
with 
the 
8086/88, 
80286, 
Intel386™ 
DX, Intel386 
SX, Intel486™ 
DX, Intel486 
SX, 
Intel486 
DX2 
and 
Pentium 
processors 
60/66/75/90/100/120/133/150/166/200. 


The Pentium 
processor 
family currently 
includes 
the 
following 
products. 
. 


• 
Pentium processor 
with MMX technology: 


Pentium 
processor 
with MMX technology 
at 
233 MHz, iCOMP® Index 2.0 rating = 203 


Pentium 
processor 
with MMX technology 
at 
200 MHz, iCOMP Index 2.0 rating = 182 


Pentium 
processor 
with MMX technology 
at 
166 MHz, iCOMP Index 2.0 rating = 160 


• 
Pentium 
processor 
133/150/166/200. 
The name 


'Pentium 
processor 
133/150/166/200' 
will 
be 
used 
in this 
document 
to refer to the 
Pentium 
processor 
with 
133, 
150, 
166 
and 
200 
MHz 
versions 
of the Pentium processor: 


Pentium 
processor 
at 
200 
MHz, 
iCOMP 
Index 2.0 rating = 142 


Pentium 
processor 
at 
166 
MHz, 
iCOMP 
Index 2.0 rating = 127 


Pentium 
processor 
at 
150 
MHz, 
iCOMP 
Index 2.0 rating = 114 


Pentium 
processor 
at 
133 
MHz, 
iCOMP 
Index 2.0 rating = 111 


Pentium 
processor 
at 
120 
MHz, 
iCOMP 
Index 2.0 rating = 100 


Pentium 
processor 
at 
100 
MHz, 
iCOMP 
Index 2.0 rating = 90 


Pentium processor 
at 90 MHz, iCOMP 
Index 
2.0 rating = 81 


Pentium processor 
at 75 MHz, iCOMP 
Index 
2.0 rating = 67 


The Pentium 
processor 
family 
supports 
the features 
of 
previous 
Intel 
Architecture 
processors, 
and 
provides 
significant 
enhancements 
and 
additions 
including the following: 


• 
Superscalar 
Architecture 


• 
Dynamic 
Branch Prediction 


• 
Pipelined 
Floating·Point 
Unit 
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• 
Improved 
Instruction 
Execution 
Time 
• 
Separate 
Code and Data Caches 
• 
Write back MESI Protocol in the Data Cache 
• 
64-Bit Data Bus 
• 
Bus Cycle Pipelining 
• 
Address 
Parity 
• 
Internal Parity Checking 
• 
Execution 
Tracing 
• 
Performance 
Monitoring 
• 
IEEE 1149.1 Boundary 
Scan 
• 
System 
Management 
Mode 
• 
Virtual Mode Extensions 
• 
Dual processing 
support 
• 
On-chip 
local APIC device 


In addition 
to the features 
listed above, 
the Pentium 
processor 
with MMX technology 
offers the following 
enhancements 
over 
Pentium 
processor 
133/150/ 
166/200: 


• 
Support for Intel MMX technology 


• 
Doubled 
code 
and data 
cache 
sizes 
to 
16 KB 
each 


• 
Improved 
branch prediction 


• 
Enhanced 
pipeline 


• 
Deeper write buffers 


The following 
features 
are supported 
by the Pentium 
processor 
133/150/166/200, 
but these 
features 
are 
not supported 
by the Pentium 
processor 
with 
MMX 
technology: 


• 
Functional 
redundancy 
check 
and 
Lock 
Step 
operation. 


• 
Support 
for Intel 82498/82493 
and 82497/82492 
cache chipset products 


• 
Split line accesses 
to the code cache 
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For a more detailed description of the Pentium 
processor 
family 
products, 
please 
refer to 
the 
Pentiuf11®Processor 
Family 
Developer's Manual 


(Order Number 241428). 


1.1.. 
Pentium@ Processor 
Family 
Architecture 


The 
application 
instruction 
set 
of 
the 
Pentium 
processor family 
includes the 
complete Intel486 
processor family instruction set with extensions to 
accommodate some of the additional functionality of 
the Pentium processors. All application software 
written 
for 
the 
Intel386 
and 
Intel486 
family 
microprocessors will run on the Pentium processors 
without 
modification. 
The 
on-Chip 
memory 
management unit (MMU) is completely compatible 
with the 
Intel386 family 
and 
Intel486 family of 
processors. 


The 
Pentium 
processors 
implement 
several 
enhancements to increase performance. The two 
lnstruction 
pipelines 
and 
floating-point 
unit 
on 
Pentium processors are capable of independent 
operation. Each pipeline issues frequently used 
instrucfions in a single clock. Together, the dual 
pipes can issue two integer instructions in one clock, 
or 
one 
floating-point 
instruction 
(under 
certain 
circumstances, two floating-point instructions) in one 
clock. 


Branch prediction is implemented in the Pentium 
processors. To support this, Pentium processors 
implement two prefetch buffers, one to prefetch code 
in a linear fashion, and one that prefetches code 
according to the BTB so the needed code is almost 
always prefetched before it is needed for execution. 


The 
floating-point 
unit 
has 
been 
completely 


redesigned over 
the 
Intel486 processor. 
Faster 
algorithms provide up to 10X speed-up for common 
operations including add, multiply and load. 


Pentium processors include separate code and data 
caches are integrated on-chip to meet performance 
goals. Each cache has a 32-byte line size. Each 
cache has a dedicated Translation Lookaside Buffer 
(TLB) to translate linear addresses to 
physical 
addresses. The data cache is configurable to be 
write back or write through on a line-by-line basis and 
follows the MESI protocol. The data cache tags are 
triple ported to support two data transfers and an 


intet 


inquire cycle in the same clock. The code cache is 
an inherently write-protected cache. The code cache 
tags are multi-ported to support snooping. Individual 
pages can be configured as cacheable or non- 
cacheable by software or hardware. The caches can 
be enabled or disabled by software or hardware. 


The Pentium processors have increased the data 
bus to 64 bits to improve the data transfer rate. Burst 
read and burst write back cycles are supported by 
the Pentium processors. 
In addition, bus cycle 
pipelining has been added to allow two bus cycles to 
be 
in 
progress 
simultaneously. 
The 
Pentium 
processors' 
Memory 
Management Unit 
contains 
optional extensions to the architecture which allow 4- 
Kbyte and 4-Mbyte page sizes. 
' 


The Pentium processors have added significant data 
integrity and error detection capability. Data parity 
checking is still supported on a byte-by-byte basis. 
Address parity checking and intemal parity checking 
features 
have 
been 
added 
along 
with 
a 
new 
exception, the machine check exception. 


As more and more functions are integrated on chip, 
the complexity of board level testing is increased. To 
address this, the Pentium processors have increased 
test and debug capability. The Pentium processors 
implement IEEE Boundary Scan (Standard 1149.1). 
In addition, the Pentium processors have specified 4 
breakpoint pins that correspond to each of the debug 
registers and externally indicate a breakpoint match. 
Execution tracing provides external indications when 
an instruction has completed execution in either of 
the two internal pipelines, or when a branch has been 
taken. 


System 
Management 
Mode 
(SMM) 
has 
been 
implementedalong with some extensions to the SMM 
architecture. Enhancementsto the virtual 8086 mode 
have 
been 
made 
to 
increase 
performance 
by 
reducing the number of times it is necessary to trap 
to a virtual 8086 monitor. 


Figure 1 shows a block diagram of the Pentium 
processor with MMX technology as a representative 
of the Pentium processor family. 


The 
block 
diagram 
shows 
the 
two 
instruction 
pipelines, the 'u' pipe and the 'v' pipe. The u-pipe 
can execute all integer and floating-point instructions. 
The v-pipe can execute simple integer instructions 
and the FXCH floating-point instructions. 
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Figure 1. Pentium® Processor 
with MMXTM Technology 
Block 
Diagram 


The separate 
code and data caches 
are shown. The 
data cache 
has two ports, 
one for each of the two 
pipes (the tags are triple ported to allow simultaneous 
inquire 
cycles). 
The 
data 
cache 
has 
a dedicated 
Translation 
Lookaside 
Buffer (TLB) to translate 
linear 
addresses 
to the 
physical 
addresses 
used 
by the 
data cache. 


The code 
cache, 
branch 
target 
buffer 
and prefetch 
buffers 
are 
responsible 
for getting 
raw 
instructions 
into the 
execution 
units 
of the 
Pentium 
processor. 


Instructions 
are fetched 
from the code cache or from 
the external bus. Branch addresses 
are remembered 
by the 
branch 
target 
buffer. 
The 
code 
cache 
TLB 
translates 
linear 
addresses 
to 
physical 
addresses 
used by the code cache. 


The decode 
unit decodes 
the prefetched 
instructions 
so 
the 
Pentium 
processors 
can 
execute 
the 
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instruction. 
The control 
ROM contains 
the microcode 
which controls 
the sequence 
of operations 
that must 
be performed 
to implement 
the 
Pentium 
processor 
architecture. 
The control 
ROM unit has direct control 
over both pipelines. 


The Pentium processors 
contain a pipelined 
floating- 
point 
unit 
that 
provides 
a 
significant 
floating-point 
performance 
advantage 
over previous 
generations 
of 
processors. 


Symmetric 
dual processing 
in a system 
is supported 
with two 
Pentium 
processors. 
The 
two 
processors 
appear to the system as a single Pentium processor. 
Operating 
systems 
with 
dual 
processing 
support 
properly 
schedule 
computing 
tasks 
between 
the two 
processors. 
This scheduling 
of tasks 
is transparent 
to software 
applications 
and the end-user. 
Logic built 
into the processors 
support a "glueless" 
interface 
for 
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easy system 
design. Through 
a private 
bus, the two 
Pentium processors 
arbitrate for the external bus and 
maintain 
cache 
coherency. 
Dual 
processing 
is 
supported 
in a: system 
only 
if both 
processors 
are 
ope rating at identical core and bus frequencies. 


In ~lis document, 
in order to distinguish 
between 
two 
Pentium 
processors 
in dual 
processing 
mode, 
one 
processor 
will 
be 
designated 
as 
the 
'Primary' 


processor 
and the other as the 'Dual' 
processor. 


The 
Pentium 
processors 
are 
produced 
on 
the 
enhanced 
0.35 IJm CMOS process 
which allows high 
device 
density 
and 
lower 
power 
dissipation. 
In 
addition 
to the SMM features 
described 
above, 
the 
Pentium processor 
supports 
clock control. 
When the 
clock 
to the 
Pentlum 
processor 
is stopped, 
power 
dissipafion 
is virtually 
eliminated. 
The combination 
of 


these improvements 
makes the Pentium processor 
a 
good choice for energy-efficient 
desktop 
designs. 


The 
Pentium 
processor 
supports 
fractional 
bus 
operation. 
This allows the internal 
processor 
core to 
operate 
at 
high 
frequencies, 
while 
communicating 
witt the external 
bus at lower frequencies. 


The 
Pentium 
processor 
contains 
an 
on-chip 
Advanced 
Programmable 
Interrupt 
Controller 
(APIC). 
Thi!. APIC 
implementation 
supports. 
multiprocessor 


interrupt 
management 
(with 
symmetric 
interrupt 
dlst-ibutlon 
across 
all 
processors), 
multiple 
1/0 


subsystem 
support, 
8259A 
compatibility, 
and 
inter- 
processor 
interrupt support. 


The architectural 
features 
introduced 
in this chapter 
are more fully described 
in the PentiufTl'lP Processor 
Family Developer's 
Manua/(Order 
Number 241428). 


1.2. 
Pentium@Processor with 
MMXTM Technology 


The 
Pentium 
processor 
with 
MMX 
technology 
is a 
Significant 
addition 
to the Pentium 
processor 
family. 
Available 
at 166, 200 and 
233 
MHz, 
it is the first 
microprocessor 
to support 
Intel's MMX technology. 


The Pentium processor 
with MMX technology 
is both 


software 
and pin compatible 
with previous 
members 
of 
the 
Pentium 
processor 
family. 
It contains 
4.5 


rnltlion 
transistors 
and 
is 
manufactured 
on 
Intel's 
enhanced 
0.35 micron 
CMOS 
process 
which 
allows 
voltage 
reduction 
technology 
for low power and high 
density. 
This 
enables 
the 
Pentium 
processor 
with 
MMX 
technology 
to 
remain 
within 
the 
thermal 


envelope 
of 
the 
original 
Pentium 
processor 
while 
providing 
a significant 
performance 
increase. 


In 
addition 
to 
the 
architecture 
described 
in 
the 
previous 
section 
for the 
Pentium 
processor 
family, 


the 
Pentium 
processor 
with 
MMX 
technology 
has 
several 
additional 
micro-architectural 
enhancements, 


compared 
to 
the 
Pentium 
processor 
133/150/166/200, 
which are described 
below: 


1.2.1. 
FULL SUPPORT 
FOR INTEL MMXTM 
TECHNOLOGY 


MMX technology 
is based 
on the Single 
Instruction 
Multiple 
Data 
(SI MD) 
technique 
which 
enables 
increased 
performance 
on 
a 
wide 
variety 
of 
multimedia 
and 
communications 
applications. 
Fifty- 
seven 
new 
instructions 
and 
four 
new 
64-bit 
data 
types 
are supported 
in the 
Pentium 
processor 
with 
MMX technology. 
All existing 
operating 
system 
and 
application 
software 
are 
fully-compatible 
with 
the 
Pentium processor 
with MMX technology. 


1.2.2. 
DOUBLE 
CODE AND DATA CACHES 
TO 16K EACH 


On-chip 
level-1 
data 
and 
code 
cache 
sizes 
have 
been 
doubled 
to 
16 KB 
each 
and 
are 
4-way 
set 
associative 
on 
the 
Pentium 
processor 
with 
MMX 
teChnology. 
Larger separate 
internal caches 
improve 
performance 
by reducing 
average 
memory 
access 
time 
and 
providing 
fast 
access 
to 
recently-used 
instructions 
and 
data. 
The 
instruction 
and 
data 
caches 
can 
be accessed 
Simultaneously 
while 
the 
data 
cache 
supports 
two 
data 
references 
simultaneously. 
The 
data 
cache 
supports 
a write- 


back (or altematively, 
write-through, 
on a line by line 
basis) policy for memory 
updates. 


1.2.3. 
IMPROVED 
BRANCH 
PREDICTION 


Dynamic 
branch 
prediction 
uses the Branch 
Target 
Buffer (BTB) to boost performance 
by predicting 
the 
most 
likely set of instructions 
to be executed. 
The 
BTB has been improved 
on the Pentium 
processor 
with 
MMX 
technology 
to 
increase 
its 
accuracy. 


Further, the Pentium processor 
with MMX technology 
has four 
prefetch 
buffers 
that 
can 
hold 
up to four 
successive 
code streams. 


1.2.4. 
ENHANCED 
PIPELINE 


An additional 
pipeline stage has been added and the 
pipeline has been enhanced 
to improve performance. 
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The integration of the MMX pipeline with the integer 
pipeline is very similar to that of the floating-point 
pipeline. Under some circumstances, two 
MMX 
instructions or one integer and one MMX instruction 
can be paired and issued in one clock cycle to 
increase throughput. 


The enhanced pipeline is described in more detail in 
the PentiufT"llDProcessor 
Family Developer's Manual 
(Order Number 241428). 


1.2.5. 
DEEPER 
WRITE 
BUFFERS 


A pool of four write buffers is now shared between 
the 
dual 
pipelines 
to 
improve 
memory 
write 
performance. 
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1.3. 
Mobile Pentium® Processor 
with MMXTM Technology 


Currently, Intel's Mobile Pentium processor with 
MMX technology family consists of three products. 
Detailed information on Mobile Pentium processors 
with MMX technology based on the enhanced CMOS 
process technology is available in the datasheet 
Mobile PentiufT"llDProcessor with MMXTM Technology 
(Order 
Number 
243292). 
Please 
reference 
the 
datasheet for correct pinout, mechanical, thermal and 
electrical specifications. 
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2.0. 
PINOUT 


2.1. 
Pinout and Pin Descriptions 


2.'1.1. 
PENTIUM®PROCESSOR WITH MMXTMTECHNOLOGY PINOUT 


J7 
li 
li 
J4 
.Il 
l! 
JI 
II 
21 lB 
17 
16 Zi 
14 Zl 
11 11 
3) 
19 
18 17 
16 
15 
14 IJ 
12 11 
10 
9 
8 
7 
s 
4 
J 
2 
I 


o 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
AN 


Al0 
vcca 
VCC3 
vccs 
vcca 
VCC3 
VCC2 
VCC2 
VCC2 
VCC2 
VCC2 
VCC2 
FLUSH. 
INC 
INC 
INC 


000000000000000 
vss 
vss 
vss 
vss 
vss 
vss 
vss 
vss 
vss 
vss 
VSs 
VSS 
W/R. 
EAOSl 
AOSCI 
o 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
AL 
A12 
A14 
A16 
A18 
A20 
Ne 
SCYC 
BEe. 
BE.. 
BE2' 
BEat 
BUSCHK.HITM. 
PWT 
VCC2 
o 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 DEll AK 


A13 
A15 
A17 
A19 
RESET cue 
BE7' 
BEst 
BE3. 
BEl' 
A20M. 
HIT. 
O/CI 
AP 
o 
0 
0 
AJ 


ADS. 
HLOA 
BRE 
o 
0 


LOCK. 
VSS 
o 
0 
0 
AG 


PCO 
SMIACTI 
VCC2 
o 
0 
AF 
PCHK' 
VSS 
o 
0 
0 
AE 
APCHK' 
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VCC2 
o 
0 
AD 


PBGNTI 
VSS 
o 
0 
0 
AC 
PROY PHITM. vce 
o 
0 
AB 
HOLD 
VSS 
o 
0 
0 
AA 


WB/WT. PHITt 
VCC2 
o 
0 


BOFF, 
vss 
o 
0 
0 
y 


NA. 
BROYe, 
VCC2 
o 
0 


BROV. 
VSS 
o 
0 
0 
W 


KEN. 
EWBe. 
YCC2 
o 
0 


AHOLO 
VSS 
000 
INV 
eACHE. VCC2 
o 
0 


MI/OI 
VSS 
000 


SP3 
BP2 
VCC2 
o 
0 


PM1S?1 
VSS 


000 


FERR' 
PMOBPO VCC2 
o 
0 


IERR. 
VSS 
000 
D?7 
063 
VCC2 
o 
0 


062 
VSS 
o 
0 
0 
L 


060 
061 
VCC2 
o 
0 
K 
OS. 
VSS 
o 
0 
0 
J 


058 
057 
vce 
o 
0 
H 
056 
VSS 
o 
0 
0 
G 


053 
055 
VCC2 


000 
OP5 
051 
OP6 
o 
0 
0 
E 


049 
052 
OS4 
o 
0 
D 


048 
050 
o 
0 
C 


047 
INC 
o 
INC 


000 


VSS 
NC 
A6 
000 
A30 
A4 
AS 
o 
0 
O. 


VSS 
A3 
A7 
000 
A28 
A2. 
AS 
o 
0 


A25 
A31 
o 
A26 o 


A27 


o 
Al1 o 


A9 


Top Side View 


o 


C 


B 


A 


o 
0 
0 
0 
VCe3 
06 
07 
042 
000000000000000 
OPo 
08 
012 
O?1 
019 
023 
026 
028 
030 
OPa 
033 
035 
037 
039 
040 
0000000000000000 
09 
010 
014 
017 
021 
024 
OP2 
025 
027 
029 
031 
032 
034 
036 
038 
oP4 


0000000000000000 
011 
013 
016 
020 
VSS 
VSS 
VSS 
VSS 
VSS 
VSS 
VSS 
VSS 
VSS 
VSS 
VSS 
VSS 


00000000000000000 
NC 
015 
018 
022 
VCC3 
VCC3 
VCC3 
VCC3 
VCC3 
VCC3 
VCC2 
VCC2 
VCC2 
VCC2 
VCC2 
VCC2 
041 


o 
D46 o 


D44 o 


045 o 


D43 o 


INC 


AN 


AM 


AL 


AK 


AJ 
0 


VSS 
AH 
0 
A22 


AG 
0 
0 


VCC3 
A24 
AF 
0 
0 


VSS 
A21 
AE 
0 
0 
0 


VCC3 
DIP. 
A23 
AD 
0 
0 


VSS 
INTR 


AC 
0 
0 
0 


VCC3 
FVSI 
NMI 
o 
0 


VSS 
SMII 
AA 
0 
0 
0 


VCC3 
IGNNE. 
INIT 
o 
0 


VSS 
PEN. 


Y 
0 
0 
0 


VCC3 
FRCMC,I 
BFo 
o 
0 


VSS 
BFl 
WOO 
0 
VCC3 
NC 
NC' 


V 
0 
0 


VSS 
STPCLK' 
U 
0 
0 
0 


VCC3 
VSS 
VCC3 
o 
0 


VSs 
vccs 
5 
0 
0 
0 


VCC3 
NC 
NC 
R 
0 
0 


VSS 
NC 
a 
0 
0 
0 


VCC3 
CPUTYP 
TRST. 
o 
0 


VSS 
TMS 
N 
0 
0 
0 


VCC3 
rtn 
TOO 
o 
0 


VSS 
TCK 
000 


VCC3 
PIC01 
VCC3 
o 
0 


VSS 
DO 


000 


VCC3 
02 
PICOO 
o 
0 


VSS 
PICCLK 
000 


VCC3 
01 
03 
o 
0 


04 
05 


AB 


z 


x 


M 


J 


H 


G 


F 


J7 li 
]I 
1I 
.Il 
11 
II 
II 
19 
lB 
11 
16 
15 21 
1J 
11 
11 3) 
19 
18 11 
M 
15 
14 
Il 
12.11 
10 
9 
8 
1 
6 
s 
4 
1 I 


AM 


AH 


z 


x 


v 


U 


T 


5 


R 
a 


P 


N 


M 


B 


A 


NOTE: 


1. 
The FRCMC# pin is not defined 
for Pentiu~ 
processor 
with MMXTMtechnology. 
Pin Y35 should 
be left as a 'NC' 
or tied 


to VCC3 via an external 
pull-up 
resistor. 
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DP7 
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0 
0 
0 
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K 
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J 
0 
0 
0 
0 
o 
0 
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D57 
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02 
0 VCC, 
H 
0 
0 
0 
H 
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VSS 
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D52 
049 
046 
D42 
D7 
06 
VCC3 


D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
D 
D50 
D48 
D44 
D40 
D39 
D37 
D35 
D33 
DP3 
D30 
D28 
D26 
D23 
D19 
DPl 
D12 
D8 
DPO 
C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
C 
INC 
047 
045 
DP4 
D38 
D36 
034 
D32 
D31 
029 
D27 
D25 
DP2 
D24 
D21 
D17 
D14 
010 
09 
B 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
B 
INC 
D43 
VSS 
vss 
vss 
vss 
vss 
VSS 
vss 
VSS 
VSS 
vss 
VSS 
VSS 
D20 
D16 
D13 
Dll 
A 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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NOTE: 


1. 
The 
FRCMC# 
pin 
is not 
defined 
for 
Pentiurrjl!> 
processor 
with 
MMXTM technology. 
Pin Y35 should 
be 
left 
as 
a "NC' 
or tied 


to VCC3 vi'! 
an 
external 
pull-up 
resistor. 


Figure 3. Pentium® Processor 
with MMXTM Technology 
SPGA and PPGA Package 
Pinout 
(Pin Side View) 


1998 PentiunP 
Processor 
Databook 


PPOOO9a 


2-79 


Pentium@ Processor 
with MMXTM Technology 
in1et 


2.1.2. 
PIN CROSS-REFERENCE 
TABLE 
FOR PENTIUM® PROCES~OR 
WITH MMXTM 


Table 1. Pin Cross-Reference 
by Pin Name (xPGA Package) 


Address 


A3 
AL35 
A9 
AK30 
A15 
AK26 
A21 
AF34 
A27 
AG33 


A4 
AM34 
A10 
AN31 
A16 
AL25 
A22 
AH36 
A28 
AK36 


A5 
AK32 
A11 
AL31 
A17 
AK24 
A23 
AE33 
A29 
AK34 


A6 
AN33 
A12 
AL29 
A18 
AL23 
A24 
AG35 
A30 
AM36 


A7 
AL33 
A13 
AK28 
A19 
AK22 
A25 
AJ35 
A31 
AJ33 


A8 
AM32 
A14 
AL27 
A20 
AL21 
A26 
AH34 


Data 


00 
K34 
01~ 
834 
026 
024 
039 
010 
052 
E03 


01 
G35 
014 
C33 
027 
C21 
040 
008 
053 
G05 


02 
J35 
015 
A35 
028 
022 
041 
A05 
054 
E01 


03 
G33 
016 
832 
029 
C19 
042 
E09 
055 
G03 


04 
F36 
017 
C31 
030 
020 
043 
804 
056 
H04 


05 
F34 
018 
A33 
031 
C17 
044 
006 
057 
J03 


06 
E35 
019 
028 
032 
C15 
045 
C05 
058 
J05 


07 
E33 
020 
830 
033 
016 
046 
E07 
059 
K04 


08 
034 
021 
C29 
034 
C13 
047 
C03 
060 
L05 


09 
C37 
022 
A31 
035 
014 
048 
004 
061 
L03 


010 
C35 
023 
026 
036 
C11 
049 
E05 
062 
M04 


011 
836 
024 
C27 
037 
012 
050 
002 
063 
N03 


012 
032 
025 
C23 
038 
C09 
051 
F04 
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Control 


A20M# 
AK08 
BREO 
AJ01 
HIT# 
AK06 
PRDY 
AC05 


ADS# 
AJ05 
BUSCHK# 
AL07 
HITM# 
AL05 
PWT 
AL03 


ADSC# 
AM02 
CACHE# 
U03 
HLDA 
AJ03 
RlS# 
AC35 


AHOLD 
V04 
CPUTYP 
035 
HOLD 
AB04 
RESET 
AK20 


AP 
AK02 
D/C# 
AK04 
IERR# 
P04 
SCYC 
AL17 


APCHK# 
AE05 
D/P# 
AE35 
IGNNE# 
AA35 
SMI# 
AB34 


BEO# 
AL09 
DPO 
D36 
INIT 
AA33 
SMIACT# 
AG03 


BE1# 
AK10 
DP1 
D30 
INTR/LINTO 
AD34 
TCK 
M34 


BE2# 
AL11 
DP2 
C25 
INV 
U05 
TDI 
N35 


BE3# 
AK12 
DP3 
D18 
KEN# 
W05 
TOO 
N33 


BE4# 
AL13 
DP4 
C07 
LOCK# 
AH04 
TMS 
P34 


BE5# 
AK14 
DP5 
F06 
M/IO# 
T04 
TRST# 
033 


BE6# 
AL15 
DP6 
F02 
NA# 
Y05 
VCC2DET# 
AL01 


BE7# 
AK16 
DP7 
N05 
NMIILINT1 
AC33 
W/R# 
AM06 


BOFF# 
Z04 
EADS# 
AM04 
PCD 
AG05 
WB/WT# 
AA05 


BP2 
S03 
EWBE# 
W03 
PCHK# 
AF04 


BP3 
S05 
FERR# 
005 
PEN# 
Z34 


BRDY# 
X04 
FLUSH# 
AN07 
PMO/BPO 
003 


BRDYC# 
Y03 
FRCMC#l 
Y35 
PM1/BP1 
R04 


Table 1. Pin Cross-Reference 
by Pin Name (xPGA Package)(Cont'd) 


Dual Processor 
APIC 
Clock Control 
Private Interface 


PICCLK 
H34(2) 
CLK 
AK18 (2) 
PBGNT# 
AD04 


PICDO 
J33 
[BFO] 
Y33 
PBREO# 
AE03 


[DPEN#] 
[BF1] 
X34 
PHIT# 
AA03 


PICD1 
L35 
STPCLK# 
V34 
PHITM# 
AC03 


[APICEN] 


.. 


VCC2 
r» 


A17 
A07 
001 
AA01 
AN11 


A15 
G01 
S01 
AC01 
AN13 


A13 
J01 
U01 
AE01 
AN15 


A11 
L01 
W01 
AG01 
AN17 


A09 
N01 
Y01 
AN09 
AN19 
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Table 1. Pin Cross-Reference by Pin Name (xPGA Package)(Cont'd) 


VCC3 


A19 
A27 
J37 


, 


037 
U37 
AC37 
AN27 


A21 
A29 
L37 
S37 
W37 
AE37 
AN25 


A23 
E37 
L33 
T34 
Y37 
AG37 
AN23 


A25 
G37 
N37 
U33 
AA37 
AN29 
AN21 


Vss 


B06 
B18 
H02 
P02 
U35 
Z36 
AF36 
AM12 
AM24 


B08 
B20 
H36 
P36 
V02 
AB02 
AH02 
AM14 
AM26 


Bl0 
B22 
K02 
R02 
V36 
AB36 
AJ37 
AM16 
AM28 


B12 
B24 
K36 
R36 
X02 
AD02 
AL37 
AM18 
AM30 


B14 
B26 
M02 
T02 
X36 
AD36 
AM08 
AM20 
AN37 


B16 
B28 
M36 
T36 
Z02 
AF02 
AM10 
AM22 


NC 


A37 
S35 
AL19 


R34 
W33 
AN35 


S33 
W35 
- 


INC 


A03 
B02 
COl 
ANOl 
AN03 
AN05 


NOTES: 
1. 
The FRCMC# pin is not defined for the Pentiui111'processor with MMXTMtechnology. This pin should be left as a 'NC' or 
tied to VCC3via an external pull-up resistor on the Pentium processor with MMX technology. 


2. 
PICClK and ClK are 3.3V-tolerant-only on the Pentium processor with MMX technology. Please refer to the Pentiurrfll 
Processor 
Family 
Developer's 
Manual (Order Number 241428) for the ClK and PICClK signal quality specification. 


2.2. 
Design Notes 
2.3. 
Quick Pin Reference 


For reliable operation, 
always 
connect 
unused 
inputs 


to an appropriate 
signal 
level. 
Unused 
active 
low 


inputs should 
be connected 
to VCC3.Unused 
active 


high inputs should be connected 
to GND. 


This 
section 
gives 
a brief functional 
description 
of 


each of the pins. For a detailed 
description, 
see the 
Hardware 
Interface 
chapter 
in 
the 
Pentium@ 


Processor 
Family 
Developer's 
Manual 
(Order 


Number 241428). 


No Connect 
(NC) 
pins 
must 
remain 
unconnected. 


Connection 
of 
NC 
or 
INC 
pins 
may 
result 
in 


component 
failure 
or incompatibility 
with 
processor 
steppings. 


NOTE 


All 
input 
pins 
must 
meet 
their 
AC/DC 


specifications 
to guarantee 
proper 
functional 


behavior. 
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The # symbol 
at the end of a signal 
name indicates 
that the active, 
or asserted 
state 
occurs 
when 
the 
signal 
is at a low voltage. 
When 
a # symbol 
is not 
present after the signal name, the signal is active, or 
asserted 
at the high voltage 
level. Square 
brackets 
around 
a signal 
name 
indicate 
that 
the 
signal 
is 
defined only at RESET. 


The 
following 
pins 
become 
1/0 
pins 
when 
two 
Pentium 
processors 
with 
MMX 
technology 
are 
operating 
in a dual processing 
environment: 


ADS#, 
CACHE#, 
HIT#, 
HITM#, 
HLDA#, 
LOCK#, 
M/IO#, D/C#, W/R#, SCYC, BE#4 


Table 2. Quick 
Pin Reference 


Symbol 
Type 
Name and Function 


A20M# 
I 
When the address 
bit 20 mask pin is asserted, 
the Pentiu~ 
processor 
with 
MMXTM technology 
emulates 
the address wraparound 
at 1 Mbyte which occurs on 
the 8086 by masking 
physical 
address 
bit 20 (A20) before performing 
a lookup to 
the internal caches or driving a memory cycle on the bus. The effect of A20M# 
is 
undefined 
in protected 
mode. A20M# must be asserted 
only when the processor 
is in real mode. 


A20M# is internally 
masked 
by the Pentium processor 
with MMX technology 
when 
configured 
as a Dual processor. 


A31-A3 
1/0 
As outputs, the address 
lines of the processor 
along with the byte enables 
define 
the physical area of memory 
or 1/0 accessed. 
The external system drives the 
inquire address to the processor 
on A31-A5. 


ADS# 
0 
The address 
strobe 
indicates 
that a new valid bus cycle is currently 
being driven 
by the Pentium processor 
with MMX technology. 


ADSC# 
0 
The address 
strobe 
(copy) 
is functionally 
identical to ADS#. 


AHOLD 
I 
In response 
to the assertion 
of address 
hold, the Pentium processor 
with MMX 
technology 
will stop driving the address 
lines (A31-A3) and AP in the next clock. 


The rest of the bus will remain active so data can be returned 
or driven for 


previously 
issued bus cycles. 


AP 
1/0 
Address 
parity 
is driven by the Pentturn processor 
with MMX technology 
with 
even parity information 
on all Pentium processor 
with MMX technology 
generated 


- 


cycles in the same clock that the address 
is driven. 
Even parity must be driven 


• 
back to the Pentium processor 
with MMX technology 
during inquire cycles on this 
pin in the same clock as EADS# to ensure that correct parity check statusls 
indicated 
by the Pentium processor 
with MMX technology. 


APCHK# 
0 
The address 
parity 
check status pin is asserted two clocks after EADS# is 
sampled 
active if the Pentium processor 
with MMX technology 
has detected 
a 
parity error on the address 
bus during inquire cycles. APCHK# 
will remain active 
for one clock each time a parity error is detected 
(including 
during dual processing 
private snooping). 


[APICEN] 
I 
Advanced 
Programmable 
Interrupt 
Controller 
Enableenables 
or disables 
the 
PICD1 
on-chip APIC interrupt controller. 
If sampled 
high at the falling edge of RESET, thE 
APIC is enabled. APICEN 
shares a pin with the PICD1 signal. 
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Symbol 
Type 
Name and Function 


BE7#-BE4# 
0 
The byte enable 
pins are used to determine 
which bytes must be written to 
BE3#-BEO# 
1/0 
external memory or which bytes were requested 
by the CPU for the current cycle. 


The byte enables are driven in the same clock as the address 
lines (A31-3). 


Additionally, 
the lower 4-byte enables 
(BE3#-BEO#) 
are used on the Pentium 
processor 
with MMX technology 
as APIC ID inputs and are sampled 
at RESET. 


In dual processing 
mode, BE4# is used as an input during Flush cycles. 


BF[1:0] 
I 
The bus frequency 
pins determine 
the bus-to-core 
frequency 
ratio. BF[1 :0] are 
sampled at RESET, and cannot be changed 
until another 
non-warm 
(1 ms) 
assertion 
of RESET. Additionally, 
BF[1 :0] must not change values while RESET is 
active. See Table 3 for Bus Frequency 
Selections. 


BOFF# 
I 
The backoff 
input is used to abort all outstanding 
bus cycles that have not yet 
completed. 
In response 
to BOFF#, the Pentium processor 
with MMX technology 
will float all pins normally 
floated during bus hold in the next clock. The processor 
remains in bus hold until BOFF# is negated, 
at which time the Pentium 
processor 
with MMX technology 
restarts the aborted bus cycle(s) 
in their entirety. 


BP[3:2] 
0 
The breakpoint 
pins (BP3-0) correspond 
to the debug registers, 
DR3-DRO. 


PM/BP[1:0] 
These pins extemally 
indicate a breakpoint 
match when the debug registers are 
programmed 
to test for breakpoint 
matches. 


BP1 and BPO are multiplexed 
with theperformance 
monitoring 
pins (PM1 and 
PMO). The PB1 and PBO bits in the Debug Mode Control 
Register 
determine 
if the 
pins are conflqured 
as breakpoint 
or performance 
monitoring 
pins. The pins come 
out of RESET configured 
for performance 
monitoring. 


BRDY# 
I 
The burst 
ready input indicates 
that the external system 
has presented 
valid data 
on the data pins in response 
to a read or that the external system has accepted 


the Pentium processor 
with MMX technology 
data in response 
to a write request. 


This signal is sampled 
in the T2, T12 and T2P bus states. 


BRDYC# 
I 
The burst 
ready 
(copy) 
is functionally 
identical to BRDY#. 


BREQ 
0 
The bus request 
output indicates 
to the external system that the Pentium 
processor 
with MMX technology 
has internally 
generated 
a bus request. This 
signal is always driven whether 
or not the Pentium processor 
with MMX 
technology 
is driving its bus. 


Table 2. Quick 
Pin Reference 
(Cont'd) 


•.. 
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Table 2. Quick 
Pin Reference 
(Cont'd) 


Symbol 
Type 
Name and Function 


BUSCHK# 
I 
• The bus check 
input allows the system to signal an unsuccessful 
completion 
of a 
bus cycle. If this pin is sampled 
active, the Pentium processor 
with MMX 


, 
technology 
will latch the address 
and control signals in the machine 
check 
registers. 
If, in addition, 
the MCE bit in CR4 is set, the Pentium 
processor 
with 
MMX technology 
will vector to the machine 
check exception. 


NOTE: 


To assure that BUSCHK# 
will always be recognized, 
STPClK# 
must be 


,. 
de asserted 
any time BUSCHK# 
is asserted 
by the system, 
before the system 
allows another external 
bus cycle. If BUSCHK# 
is asserted 
by the system for a 
snoop cycle while STPClK# 
remains asserted, 
usually (if MCE=1) the processor 
will vector to the exception 
after STPClK# 
is deasserted. 
But if another snoop to 
the same line occurs during STPClK# 
assertion, 
the processor 
can lose the 
BUSCHK# 
request. 


CACHE# 
0 
For Pentium processor 
with MMX technology-initiated 
cycles thecache 
pin 
indicates 
internal cacheability 
of the cycle (if a read), and indicates 
a burst write 
back cycle (if a write). If this pin is driven inactive during a read cycle, the Pentium 
processor 
with MMX technology 
will not cache the returned 
data, regardless 
of the 
state of the KEN# pin. This pin is also used to determine 
the cycle length (number 
of transfers 
in the cycle). 


ClK 
I 
The clock 
input provides 
the fundamental 
timing for the,Pentium 
processor 
with 
MMX technology. 
Its frequency 
is the operating 
frequency 
of the Pentium 
processor 
with MMX technology 
external bus, and requires TTl 
levels. All 
external timing parameters 
except TDI, TOO, TMS, TRST#, 
and PICDO-1 are 
specified 
with respect to the rising edge of ClK. 


This pin is 3.3V-tolerant-only 
on the Pentium processor 
with MMX technology. 


Please refer to the Pent;urrfW Processor 
Family Developer's 
Manua/(Order 
Number 241428) for the ClK 
and PICClK 
signal quality specification. 


NOTE: 


It is recommended 
that ClK 
begin toggling within 150 ms after 'Cc reaches its 
proper operating 
level. This recommendation 
is to ensure long-term 
reliability 
of 
the device. 


CPUTYP 
I 
CPU type distinguishes 
the Primary processor 
from the Dual processor. 
In a 
single processor 
environment, 
or when the Pentium processor 
with MMX 
technology 
is acting as the Primary processor 
in a dual processing 
system, 
CPUTYP 
should be strapped 
to Vss. The Dual processor 
should have CPUTYP 
strapped 
to VCC3. 


D/C# 
0 
The data/code 
output ts one of the primary bus cycle definition 
pins. It is driven 
valid in the same clock as the ADS# signal is asserted. 
D/C# distinguishes 
between data and code or special cycles. 
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Table 2. Quick 
Pin Reference 
(Cont'd) 


Symbol 
Type 
Name and Function 


I 


D/P# 
0 
The duaUprimary 
processor 
indication. 
The Primary processor 
drives this pin low 
when it is driving the bus, otherwise 
it drives this pin high. D/P# 
is always driven. 


D/P# can be sampled 
for the current cycle with ADS# (like a status pin). This pin 
is defined only on the Primary processor. 
Dual processing 
is supported 
in a 
system only if both processors 
are operating 
at identical 
core and bus 
frequencies. 
Within these restrictions, 
two processors 
of different 
steppings 
may 
operate together 
in a system. 


D63-DO 
1/0 
These are the 64 data lines for the processor. 
Lines D7 -DO define the least 


significant 
byte of the data bus; lines D63-D56 define the most significant 
byte of 
the data bus. When the CPU is driving the data lines, they are driven during the 
T2, T12, or T2P clocks for that cycle. During reads, the CPU samples 
the data 
bus when BRDY# is returned. 


DP7-DPO 
1/0 
These are the data parity 
pins for the processor. 
There is one for each byte of the 
data bus. They are driven by the Pentium processor 
with MMX technology 
with 
even parity information 
on writes in the same clock as write data. Even parity 


information 
must be driven back to the Pentium processor 
with MMX technology 
on these pins in the same clock as the data to ensure that the correct parity check 
status is indicated 
by the Pentium processor 
with MMX technology. 
DP7 applies 
to D63-56, DPO applies to D7-0. 


[DPEN#) 
1/0 
Dual processing 
enable 
is an output of the Dual processor 
and an input of the 
PICDO 
Primary processor. 
The Dual processor 
drives DPEN# low to the Primary 
processor 
at RESET to indicate that the Primary processor 
should enable dual 


processor 
mode. DPEN# may be sampled 
by the system at the falling edge of 
RESET to determine 
if the dual-processor 
socket is occupied. 
DPEN# is 
multiplexed 
with PICDO. 


EADS# 
I 
This signal indicates 
that a valid external 
address 
has been driven onto the 
Pentium processor 
with MMX technology 
address 
pins. to be used for an inquire 
cycle. 


EWBE# 
I 
The external 
write 
buffer 
empty 
input, when inactive 
(high), indicates 
that a write 
cycle is pending 
in the external system. When the Pentium processor 
with MMX 
technology 
generates 
a write, and EWBE# is sampled 
inactive, the Pentium 
processor 
with MMX technology 
will hold off all subsequent 
writes to all E- or M- 


state lines in the data cache until all write cycles have completed, 
as indicated 
by 


I 
EWBE# being active. 


FERR# 
0 
The floating-point 
error 
pin is driven active when an unmasked floating-point 
error occurs. 
FERR# is similar to the ERROR# 
pin on the Intel387™ 
math 
eoprocessor. 
FERR# is included 
for compatibility 
with systems 
using DOS type 
floating-point 
error reporting. 
FERR# is never driven active by the Dual 
processor. 


2-86 
1998 Pentiurrf1i>Processor Databook 


I 
"., 
mode is entered. 


I 
H 


, 
I 
If two Pentium processors 
with MMX technology 
are operating 
in dual processing 
• 
I 
I 
mode and FLUSH# 
is asserted, 
the Dual processor 
will perform a flush first 
, 
(without a flush acknowledge 
cycle), then the Primary processor 
will perform a 


,. 
- 
flush followed 
by a flush acknowledge 
cycle. 


1 
- 
" 
, 
NOTE: 
, 


If the FLUSH# 
signal is asserted 
In dual processing 
mode, it must be deasserted 
at least one clock prior to BRDY# of the FLUSH Acknowledge 
cycle to avoid DP 
arbitration 
problems. 


FRCMC# 
I 
Functional 
Redundancy 
Checking 
is not supported 
on thePentium 
processor 
with 
MMX technology. 
The FRCMC# 
pin is not defined for the Pentium 
processor 
with 
MMX technology. 
This pin should be left as a"NC" or tied to VCC3 via an external 
pull-up resistor. 


HIT# 
0 
The hit indication 
is driven to reflect the outcome 
of an inquire cycle. If an inquire 
cycle hits a valid line in either the Pentium processor 
with MMX technology 
data 0 
instruction 
cache, this pin is asserted two clocks after EADS# is sampled 


[ 
, 
asserted. 
If the inquire cycle misses the Pentium processor 
with MMX technology 
cache, this pin is negated two clocks after EADS#. This pin changes 
its value only 
as a result of an inquire cycle and retains its value between 
the cycles. 


HITM# 
0 
The hit to a modified 
line output is driven to reflect the outcome 
of an inquire 
cycle. It is asserted 
after inquire cycles which resulted 
in a hit to a modified 
line in 
. 
the data cache. It is used to inhibit another bus master from accessing 
the data, 


until the line is completely 
written back. 


HLDA 
0 
The bus hold 
acknowledge 
pin goes active in response 
to a hold request driven 
to the processor 
on the HOLD pin. It indicates 
that the Pentium processor 
with 
MMX technology 
has floated most of the output pins and relinquished 
the bus to 


I 
. 
another 
local bus master. When leaving bus hold, HLDA will be driven inactive 
and the Pentium 
processor 
with MMX technology 
will resume driving the bus. If 
the Pentium processor 
with MMX technology 
has a bus cycle pending, 
it will be 
driven one clock cycle after HLDA is de-asserted. 


HOLD 
I 
In response 
to the bus hold 
request, 
the Pentium processor 
with MMX 


~ 
technology 
will float most of its output and input/output 
pins and assert HLDA afte 
completing 
all outstanding 
bus cycles. The Pentium processor 
with MMX 
technology 
will maintain 
its bus in this state until HOLD is de-asserted. 
HOLD is 
not recognized 
during LOCK cycles. The Pentium processor 
with MMX 
technology 
will recognize 
HOLD during reset. 
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Table 2. Quick 
Pin Reference 
(Cont'd) 


Symbol 
Type 
Name and Function 


IERR# 
0 
The internal 
error 
pin is used to indicate 
internal parity errors. If a parity error 
occurs on a read from an internal array, the Pentium processor 
with MMX 


, 
technology 
will assert the IERR# pin for one clock and then shutdown. 


IGNNE# 
I 
This is the ignore numeric 
error input. This pin has no effect when the NE bit in CRO is 
set to 1. When It)e CRO.NE bit is 0, and the IGNNE# pin is asserted, the Pentium 
processor with MMX technology will ignore any pending unmasked numeric exception 
and continue executing floating-point instructions for the entire duration that this pin is 
asserted. When the CRO.NE bit is 0, IGNNE# is not asserted, a pending unmasked 
numeric exception exists (SW.ES = 1), and the floating·point instruction is one of FINIT, 
FCLEX, FSTENV, FSAVE, FSTSW, FSTCW, FENI, FDISI, or FSETPM, the Pentium 
processor with MMX technology will execute the instruction in spite of the pending 
exception. When the CRO.NE bit is 0, IGNNE# is not asserted, a pending unmasked 
numeric exception exists (SW.ES = 1), and the floating-point instruction is one other 
than FINIT, FCLEX, FSTENV, FSAVE, FSTSW, FSTCW, FENI, FDISI, or FSETPM, 
the Pentium processor with MMX technology will stop execution and wait for an extemal 
interrupt. 


IGNNE# is intemally masked when the Pentium processor with MMX technology is 
I 


configured as a Dual processor. 


INIT 
I 
The Pentium processor with MMX technology initialization 
input pin forces the 
Pentium processor with MMX technology to begin execution 
in a known state. The 
processor 
state after INIT is the same as the state after RESET except that the 
internal caches, 
write buffers, andfloatnq-polnt 
registers 
retain the values they had 
prior to INIT. INIT may NOT be used in lieu of RESET after power-up. 


If INIT is sampled 
high when RESET transitions 
from high to low, thePentium 
processor with MMX technology will perform 
built-in self test prior to the start of 


, 
program 
execution. 


INTR/UNTO 
I 
An active maskable 
interrupt 
input indicates 
that an external interrupt 
has been 
generated. 
If the IF bit in the EFLAGS 
register is set, thePentium processor with 
MMX technology will generate 
two locked interrupt acknowledge 
bus cycles and 
vector to an interrupt handler after the current instruction 
execution 
is completed. 
INTR must remain active until the first interrupt 
acknowledge 
cycle is generated 
to 
assure that the interrupt is recognized. 


If the local APIC is enabled, 
this pin becomes 
UNTO. 


INV 
I 
The invalidation 
input determines 
the final cache line state (S or I) in case of an 
inquire cycle hit. It is sampled 
together 
with the address for the inquire cycle in the 
clock EADS# is sampled 
active. 


KEN# 
I 
The cache 
enable 
pin is used to determine 
whether the current cycle is 
cacheable 
or not and is consequently 
used to determine 
cycle length. When the 
Pentium processor with MMX technology generates 
a cycle that can be cached 
(CACHE# 
asserted) 
and KEN# is active, the cycle will be transformed 
into a burst 
line fill cycle. 


- 
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Table 2. Quick 
Pin Reference 
(Cont'd) 


Symbol 
Type 
Name and Function 


LlNTO/INTR 
I 
If the APIC is enabled, 
this pin islocal 
interrupt 
o. If the APIC is disabled, 
this pin 
is INTR. 


LlNT1/NMI 
I 
If the APIC is enabled, 
this pin islocal 
interrupt 
1. If the APIC is disabled, 
this pin 
is NMI. 


LOCK# 
0 
The bus lock pin indicates 
that the current bus cycle is locked. ThePentium 
processor with MMX technology will not allow a bus hold when LOCK# 
is asserted 
(but AHOLD 
and BOFF# are allowed). 
LOCK# goes active in the first clock of the 
first locked bus cycle and goes inactive after the BRDY# is returned 
for the last 
locked bus cycle. LOCK# is guaranteed 
to be de-asserted 
for at least one clock 
between 
back-to-back 
locked cycles. 


MIIO# 
0 
The memory/Input-output 
is one of the primary bus cycle definition 
pins. It is 
driven valid in the same clock as the ADS# signal is asserted. 
MIIO# distinguishe~ 
between 
memory 
and 110cycles. 


NA# 
I 
An active next address 
input indicates 
that the external 
memory 
system 
is ready 
to accept a new bus cycle although 
all data transfers 
for the current cycle have 
not yet completed. 
The Pentium processor with MMX technology will issue ADS# for 
a pending cycle two clocks after NA# is asserted. 
ThePentium 
processor with MMX 
technology supports 
up to 2 outstanding 
bus cycles. 


NMIILlNT1 
I 
The non-maskable 
interrupt 
request signal indicates that an extemal non-maskable 
interrupt has been generated. 


If the local APIC is enabled, this pin becomes LlNT1. 


PBGNT# 
110 
Private 
bus grant 
is the grant line that is used when two Pentium processors 
with 
MMX technology 
are configured 
in dual processing 
mode, in order to perform 
private bus arbitration. 
PBGNT# 
should be left unconnected 
if only one Pentium 
processor 
with MMX technology 
exists in a system. 


PBREQ# 
110 
Private 
bus request 
is the request line that is used when two Pentium 
processor 
with MMX technology 
are configured 
in dual processing 
mode, in order to perform 
private bus arbitration. 
PBREQ# 
should be left unconnected 
if only one Pentium 
processor 
with MMX technology 
exists in a system. 


PCD 
0 
The page cache 
disable 
pin reflects the state of the PCD bit in CR3, the Page 
Directory 
Entry, or the Page Table Entry. The purpose of PCD is to provide an 
external cacheability 
indication 
on a page by page basis. 


PCHK# 
0 
The parity 
check 
output indicates 
the result of a parity check on a data read. It is 
driven with parity status two clocks after BRDY# is returned. 
PCHK# 
remains 
low 
one clock for each clock in which a parity error was detected. 
Parity is checked 
only for the bytes on which valid data is returned. 


When two Pentium 
processors 
with MMX technology 
are operating 
in dual 


processlnq 
mode, PCHK# may be driven two or three clocks after BRDY# is 
returned. 
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Table 2. Quick 
Pin Reference 
(Cont'd) 


Symbol 
Type 
Name and Function 


PEN# 
I 
The parity 
enable 
input (along with CR4.MCE) 
determines 
whether 
a machine 
check exception 
will be taken as a result of a data parity error on a read cycle. If 
this pin is sampled 
active in the clock a data parity error is detected, 
the Pentium 
processor 
with MMX technology 
will latch the address 
and control 
signals of the 
cycle with the parity error in the machine 
check registers. 
If, in addition, 
the 
machine 
check enable bit in CR4 is set to"t", 
the Pentium 
processor 
with MMX 
technology 
will vector to the machine 
check exception 
before the beginning 
of the 
next instruction. 


PHIT# 
1/0 
Private 
hit is a hit indication 
used. when two Pentium 
processors 
with MMX 
technology 
are configured 
in dual processing 
mode, in order to maintain 
local 


cache coherency. 
PHIT# should be left unconnected 
if only one Pentium 
processor 
with MMX technology 
exists in a system. 


PHITM# 
1/0 
Private 
modified 
hit is a hit on a modified 
cache line indication 
used when two 
Pentium processors 
with MMX technology 
are configured 
in dual processing 
mode, in order to maintain 
local cache COherency. PHITM# should be left 
unconnected 
if only one Pentium 
processor 
with MMX technology 
exists in a 
system. 


PICCLK 
I 
The APIC interrupt 
controller 
serial data bus clock is driven into the 
programmable 
interrupt 
controller 
clock input of the Pentium 
processor 
with 
MMX technology. 


This pin is 3.3V-tolerant-only 
on the Pentium processor 
with MMX technology. 
Please refer to the Pentiu~ 
Processor 
Family Developer's 
Manual (Order 
Number 241428) for the CLK and PICCLK signal quality specification. 


PICDO-1 
I/O 
Programmable 
interrupt 
controller 
data lines 
0-1 of the Pentium 
processor 
with 
[DPEN#] 
MMX technology 
comprise 
the data portion of the APIC 3-wire bus. They are 
[APICEN] 
open-drain 
outputs that require external 
pull-up resistors. 
These signals are 
multiplexed 
with DPEN# and APICEN 
respectively. 


PM/BP[1:0] 
0 
These pins function 
as part of the performance 
monitoring 
feature. 


.The breakpoint 
1-0 pins are multiplexed 
with theperformance 
monitoring 
1-0 
pins. The PB1 and PBO bits in the Debug Mode Control 
Register 
determine 
if the 
pins are configured 
as breakpoint 
or performance 
monitoring 
pins. The pins come 
out of RESET configured 
for performance 
monitoring. 


PRDY 
0 
The probe 
ready output pin is provided 
for use with the Intel debug port. Please 
refer to the PentiufTiE. Processor 
Family Developer's 
Manua/(Order 
Number 
241428) for more details. 


PWT 
0 
The page write 
through 
pin reflects the state of the PWT bit in CR3, the page 
directory 
entry, or the page table entry. The PWT pin is used to provide an 
external write back indication 
on a page-by-page 
basis. 


RlS# 
I 
The run/stop 
input is provided for use with the Intel debug port. Please refer to 
the PentiufTiE. Processor 
Family Developer's 
Manua/(Order 
Number 241428) 
for 
more details. 
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Table 2. Quick 
Pin Reference 
(Cont'd) 


Symbol 
Type 
Name and Function 


RESET 
I 
RESET forces the Pentium processor 
with MMX technology 
to begin execution 
at 
a known state. All the Pentium processor 
with MMX technology 
internal caches 
will be invalidated 
upon the RESET. Modified 
lines in the data cache are not 
written back. FLUSH# 
and INIT are sampled 
when RESET transitions 
from high tc 
low to determine 
if tristate test mode or checker 
mode will be entered, or if Built-In 
Self-Test 
(BIST) will be run. 


SCYC 
0 
The split 
cycle output is asserted 
during misaligned 
LOCKed transfers 
to indicate 
that more than two cycles will be locked together. 
This signal is defined for locked 
cycles only. It is undefined 
for cycles which are not locked. 


SMI# 
I 
The system 
management 
interrupt 
causes a system 
management 
interrupt 


I 
request to be latched internally. 
When the latched SMI# is recognized 
on an 
instruction 
boundary, 
the processor 
enters System 
Management 
Mode. 


SMIACT# 
0 
An active system 
management 
Interrupt 
active output indicates 
that the 
processor 
is operating 
in System 
Management 
Mode. 


STPCLK# 
I 
Assertion 
of the stop clock 
inpuf signifies 
a request to stop the internal clock of 
the Pentium processor 
with MMX technology, 
thereby causing 
the core to 
consume 
less power. When the CPU recognizes 
STPCLK#, 
the processor 
will 
stop execution 
on the next instruction 
boundary, 
unless superseded 
by a higher 
priority interrupt, 
and generate 
a stop grant acknowledge 
cycle. When STPCLK# 
is asserted, 
the Pentium 
processor 
with MMX technology 
will still respond to 
interprocessor 
and external snoop requests. 


TCK 
I 
The testability 
clock 
input provides 
the clocking 
function 
for the Pentium 
processor 
with MMX technology 
boundary 
scan in accordance 
with the IEEE 
Boundary 
Scan interface 
(Standard 
1149 ..1). It is used to clock state information 
and data into and out of the Pentium processor 
with MMX technology 
during 
boundary 
scan. 


TOI 
I 
The test data Input is a serial input for the test logic. TAP instructions 
and data 
are shifted into the Pentium processor 
with MMX technology 
on the TOI pin on the 
rising edge of TCK when the TAP controller 
is in an appropriate 
state. 


TOO 
0 
The test data output 
is a serial output of the test logic. TAP instructions 
and data 
are shifted out of the Pentium processor 
with MMX technology 
on the TOO pin on 
TCK's falling edge when the TAP controller 
is in an appropriate 
state. 


TMS 
I 
The value of the test mode 
select 
input signal sampled 
at the rising edge of TCK 
controls the sequence 
of TAP controller 
state changes. 


TRST# 
I 
When asserted, 
the test reset input allows the TAP controller 
to be 
asynchronously 
initialized. 


VCC2 
I 
The Pentium processor 
with MMX technology 
has 25 2.8Vpower 
inputs. 


VCC3 
I 
The Pentium processor 
with MMX technology 
has 28 3.3Vpower 
inputs. 


Vcc20ET# 
0 
VCC2detect 
is used in flexible motherboard 
implementations 
to configure 
the 
voltage output set-point 
appropriately 
for the \l::C2 inputs of the processor. 
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Pin Reference 
(Cont'd) 


Symbol 
Type 
Name and Function 


Vss 
I 
The Pentium processor 
with MMX technology 
has 53ground 
inputs. 


W/R# 
0 
Write/read 
is one of the primary bus cycle definition 
pins. It is driven valid in the 
same clock as the ADS# signal is asserted. 
W/R# distinguishes 
between 
write 
and read cycles. 


W8/WT# 
I 
The write 
back/write 
through 
input allows a data cache line to be defined 
as 
write back or write through 
on a line-by-line 
basis. As a result, it determines 
whether 
a cache line is initially in the S or E state in the data cache. 


Core and bus frequencies 
can be set according 
to Table 3 below. Each Pentium processor 
with MMX technology 
specified 
to operate within a single bus-to-core 
ratio and a specific 
minimum 
to maximum 
bus frequency 
range 
(corresponding 
to a minimum 
to maximum 
core 
frequency 
range). 
Operation 
in other 
bus-to-core 
ratios 
or 
outside the specified 
operating 
frequency 
range is not supported. 
For example, 
the 166 MHz Pentium processor 
with MMX technology 
does not operate beyond the 66 MHz bus frequency 
and only supports 
the 2/5 bus-to-core 
ratio; 
it does 
not 'support 
the 
1/3, 
1/2, 
or 2/3 
bus-to-core 
ratios. 
Table 3 clarifies 
and 
summarizes 
these 
specifications. 


Table 3. Bus Frequency 
Selections 


Max Bus/Core 
Min Bus/Core 
BF1 
BFO 
Bus/Core 
Ratio 
Frequency 
(MHz) 
Frequency 
(MHz) 


0 
1 
1/3 
J 
66/200 
33/100 


0 
0 
2/5 
66/166 
33/83 


1 
0 
1/2 (1.2) 
N/A (2) 
N/A(2) 


1 
1 
217 
66/233 
33/117 


NOTES: 


1. 
This is the default 
bus to core ratio for the Pentiu~ 
processor 
with MMXn• technology. 
If the SF pins are left floating, 
the 
processor 
will be configured 
for the 1/2 bus to core frequency 
ratio. 


2. 
Currently, 
there are no products 
that support 
these bus fractions. 
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2.4. 
Pin Reference Tables 


Table 4. Output 
Pins 


Name 
Active 
Level 
When 
Floated 


AOS#(1) 
Low 
Bus Hold, BOFF# 


AOSC# 
Low 
Bus Hold, BOFF# 


APCHK# 
Low 


BE7#-BE4# 
Low 
Bus Hold, BOFF# 


BREQ 
High 
, 


CACHE#(1) 
Low 
Bus Hold, BOFF# 


O/P#(2) 
N/A 


FERR#(2) 
Low 


HIT#(1) 
Low 
- 


HITM#(1.3) 
Low 


HLOA(1) 
High 


IERRI 
Low 


LOCK#(1) 
Low 
Bus Hold, BOFF# 


M/IO# (1), O/C# (1),W/R# 
(1) 
N/A 
Bus Hold, BOFF# 


PCHK# 
Low 


BP3-2, PM1/BP1, 
PMO/BPO 
High 


PROY 
High 


PWT, PCO 
High 
Bus Hold, BOFF# 


SCYC(1) 
High 
Bus Hold, BOFF# 


SMIACT# 
Low 


TOO 
N/A 
All states except Shift-OR and Shift-IR 


Vcc20ET# 
Low 


NOTES: 


All output 
and inpuVoutput 
pins are floated 
during tristate test mode (except 
IERR#). 


1. 
These 
are I/O signals 
when two PentiurrJ!> processor 
with MMXn• technology 
are operating 
in dual processing 
mode. 


2. 
These 
signals 
are undefined 
when the processor 
is configured 
as a Dual processor. 


3. 
M# pin has an internal 
pull-up 
resistor. 
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Table 5. Input 
Pins 


Synchronousl 
Internal 
Name 
Active 
Level 
Asynchronous 
Resistor 
Qualified 


A20M#(1) 
Low 
Asynchronous 


AHOLD 
High 
Synchronous 


APICEN 
High 
Synchronous/RESET 
Pull-up 


BFO 
N/A 
Synchronous/RESET 
Pull-down 
, 


BF1 
N/A 
Synchronous/RESET 
Pull-up 


BOFF# 
Low 
Synchronous 


BRDY# 
Low 
Synchronous 
Pull-up 
Bus State T2, T12, T2P 


BRDYC# 
Low 
Synchronous 
Pull-up 
Bus State T2, T12, T2P 


BUSCHK# 
Low 
Synchronous 
Pull-up 
BRDY# 


CLK 
N/A 


CPUTYP 
High 
Synchronous/RESET 
Pull-down 


EADS# 
Low 
Synchronous 


EWBE# 
Low 
Synchronous 
BRDY# 
• 
, 


FLUSH# 
Low 
Asynchronous 


HOLD 
High 
Synchronous 


IGNNE#(1) 
Low 
Asynchronous 


INIT 
High 
Asynchronous 


INTR 
High 
Asynchronous 


INV 
High 
Synchronous 
EADS# 


LlNT[1 :0] 
High 
Asynchronous 
APICEN 
at RESET 


KEN# 
Low 
Synchronous 
First BRDY#/NA# 


NA# 
Low 
Synchronous 
Bus State T2, TD, T2P 


NMI 
High 
Asynchronous 
, 


PEN# 
Low 
Synchronous 
BRDY# 


PICCLK 
High 
Asynchronous 
Pull-up 


RIS# 
N/A 
Asynchronous 
Pull-up 


RESET 
High 
Asynchronous 


SMI# 
Low 
Asynchronous 
Pull-up 


STPCLK# 
Low 
Asynchronous 
Pull-up 


TCK 
N/A 
Pull:up 


TDI 
N/A 
Synchronous/TCK 
Pull-up 
TCK 


TMS 
N/A 
Synchronous/TCK 
Pull-up 
TCK 


TRST# 
Low 
Asynchronous 
Pull-up 


WB/WT# 
N/A 
Synchronous 
First BRDY#/NA# 


NOTES: 


1. 
Undefined 
when the processor 
is configured 
as a Dual processor. 
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DP7-DPO 
N/A 
Bus Hold, BOFF# 
BRDY# 


DPEN# 
low 
RESET 
Pull-up 


PICDO 
N/A 
I 
Pull-up 


PICD1 
NlA 
Pull-down 


NOTES: 


1. 
All output 
and inpuVoutput 
pins are floated 
during tristate 
test mode (except 
TDO, 
IERR# and TDO). 


2. 
BE3#-BEO# 
have Pull-downs 
during 
RESET only. 


Table 7. lnter-Prccessor 
Input/Output 
Pins 


Name 
Active 
Level 
Internal 
Resistor 


PHIT# 
Low 
Pull-up 


PHITM# 
Low 
Pull-up 


PBGNT# 
Low 
Pull-up 


PBREQ# 
Low 
Pull-up 


NOTES: 


For proper 
inter-processor 
operation, 
the system 
cannot 
load these signals. 
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2.5. 
Pin Grouping 
According 
to Function 


Table 8 organizes 
the pins with respect to their function. 


Table 8. Pin Functional 
Grouping 


Function 
Pins 


Clock 
CLK 
f 


Initialization 
RESET, 
INIT, BF1-BFO 


Address 
Bus 
A31-A3, 
BEY#-BEO# 
I 


Address 
Mask 
A20M# 


Data Bus 
D63-DO 


Address 
Parity 
AP, APCHK# 
, 


APIC Support 
PICCLK, 
PICDO-1 


Data Parity 
DPY-DPO, PCHK#, 
PEN# 


Internal Parity Error 
IERR# 


System 
Error 
BUSCHK# 


Bus Cycle Definition 
MIIO#, D/C#, W/R#, CACHE#, 
SCYC, LOCK# 


Bus Control 
ADS#, ADSC#, 
BRDY#, 
BRDYC#, 
NA# 


Page Cacheability 
PCD, PWT 


Cache Control 
KEN#, WBIWT# 


Cache Snooping/Consistency 
AHOLD, 
EADS#, HIT#, HITM#, 
INV 


Cache Flush 
FLUSH# 


Write Ordering 
EWBE# 


Bus Arbitration 
BOFF#, BREO, HOLD,HLDA 


Dual Processing 
Private Bus Control 
PBGNT#, 
PBREO#, 
PH In, 
PHITM# 


Interrupts 
INTR, NMI 


Floating-Point 
Error Reporting 
FERR#, IGNNE# 


System 
Management 
Mode 
SMI#, SMIACT# 


TAP Port 
TCK, TMS, TDI, TDO, TRST# 


BreakpoinVPerformance 
Monitoring 
PMO/BPO, PM1/BP1, 
BP3-2 


Power Management 
STPCLK# 


Miscellaneous 
Dual Processing 
CPUTYP, 
D/P# 


Debugging 
RlS#, PRDY 


Voltage 
Detection 
VCC2DET# 
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3.0. 
ELECTRICAL.SPECIFICATIONS 


This 
section 
describes 
the 
electrical 
differences 
between 
the 
Pentium 
processor 
with 
MMX 
technology 
and 
the 
Pentium 
processor 
133/150/166/200, 
as 
well 
as 
the 
AC 
and 
DC 
specifications 
of the 
Pentium 
processor 
with 
MMX 
technology. 


3.1. 
Electrical Characteristics 
and 
Differences between the 
Pentium@ Processor with 
MMXTM Technology 
and the 
Pentium Processor 
133/150/166/200 


When 
designing 
a 
Pentium 
processor 
with 
MMX 
technology 
system 
from 
a 
Pentium 
processor 
133/150/166/200 
system, 
there 
are 
a 
number 
of 
electrical differences 
that require attention. 
Designing 
a single motherboard 
that supports 
various 
members 
of 
the 
Pentium 
processor 
family 
including 
the 
Pentium 
processor 
with 
MMX 
technology, 
Pentium 
processor 
133/150/166/200, 
Pentium 
OverDrive® 
processor, 
or future 
Pentium 
OverDrive 
processor 
can be easily 
accomplished. 
Refer to the 
Pentiul1Jil') 
Processor 
Flexible 
Motherboard 
Design 
Guidelines 
application 
note 
(Order 
Number 
243187) 
for 
more 


information 
and specific implementation 
examples. 


The following 
sections 
highlight 
key electrical 
issues 
pertaining 
to 
the 
Pentium 
processor 
with 
MMX 
technology 
power supplies, 
connection 
specifications 
and buffer models. 


3.1.1. 
POWER SUPPLIES 


The main electrical 
difference 
between 
the Pentium 
processor 
with 
MMX 
technology 
and 
the 
Pentium 
processor 
133/150/166/200 
is the operating 
voltage. 


The 
Pentium 
processor 
with 
MMX 
technology 
requires two separate voltage inputs, VCC2 and VCC3. 
The 
VCC2 
pins 
supply 
power 
to 
the 
Pentium 
processor 
with MMX technology 
core, while the VCC3 
pins supply power to the processor 
I/O pins. 


The 
Pentium 
processor 
133/150/166/200, 
on 
the 
other hand, 
requires 
a single 
voltage 
supply 
for all 
Vcc 
pins. This single 
supply 
powers 
both the core 
and 
I/O 
pins 
of 
the 
Pentium 
processor 
133/150/166/200. 


By connecting 
all of the VCC2 pins together 
and all 
the VCC3 pins together 
on separate 
power 
islands, 
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Pentium 
processor 
133/150/166/200 
designs 
can 
easily 
be 
converted 
to 
support 
the 
Pentium 
processor 
with MMX technology. 
In order to maintain 
compatibility 
with 
Pentium 
processor 
133/150/166/200-based 
platforms, 
the 
Pentium 
processor 
with 
MMX 
technology 
supports 
the 
standard 
3.3V specification 
on its VCC3pins. 


3.1.1.1. 
Power 
Supply 
Sequencing 


There 
is no specific 
power 
sequence 
required 
for 
powering 
up or powering 
down 
the separate 
VCC2 
and 
VCC3 supplies 
of the 
Pentium 
processor 
with 
MMX technology. 
li is recommended 
that the VCC2 
and VCC3 supplies 
be either 
both ON or both OFF 
within one second of each other. 


3.1.2. 
CONNECTION SPECIFICATIONS 


Connection 
specifications 
for the power 
and ground 
inputs, 3.3V inputs and outputs, 
and the NC/INC 
and 
unused 
inputs 
are 
discussed 
in 
the 
following 
sections. 


3.1_2.1. 
Power 
and Ground 


For clean 
on-Chip 
power 
distribution, 
the 
Pentium 
processor 
with MMX technology 
in PPGA and SPGA 
packages 
has 28 VCC3 (I/O power), 
25 VCC2 (core 
power) 
and 
53 
Vss 
(ground) 
inputs. 
Power 
and 
ground connections 
must be made to all external Vcc 
and Vss 
pins of the 
Pentium 
processor 
with 
MMX 
technology. 
On the circuit 
board all VCC3 pins must 
be connected 
to a 3.3V 
vcc plane. 
All VCC2 pins 
must be connected 
to a 2.8V Vcc plane. All Vss pins 
must be connected 
to a Vss plane. 


3.1_2.1.1. 
VCC2 and VCC3 Measurement 
Specification 


The values of VCC2 and VCC3should be measured 
at 
the 
bottom 
side 
of 
the 
processor 
pins 
using 
an 
oscilloscope 
with 
a 
3 
dB 
bandwidth 
of 
at 
least 
20 MHz 
(100 
MS/s 
digital 
sampling 
rate). 
There 
should be a short isolation 
ground lead attached 
to a 
processor 
pin on the bottom side of the board. 


The measurement 
should 
be taken 
at the following 
VcclVss 
pairs: 
AN13/AM10, 
AN21/AM18, 
AN29/ 
AM26, 
AC37/z36, 
U37/R36, 
L371H36, 
A25/B28, 
A17/B20, 
A7/B10, 
G1/K2, 
S1N2, 
AC11Z2. One-half 
of these pins are VCC2while the others are VCC3;the 
operating 
ranges 
for 
the 
VCC2 and 
VCC3 pins 
are 
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specified 
at different 
voltages. 
See Table 10 for the 
specification. 


The display should show continuous 
sampling 
of the 
voltage 
line, at 20 mV/div, 
and 500 
ns/div 
with the 
trigger 
point 
set to the 
center 
point 
of the 
range. 


Slowly 
move the trigger to the high and low ends of 
the specification, 
and verify that excursions 
beyond 
these 
limits 
are 
not 
observed. 
There 
are 
no 
allowances 
for crossing 
the high and low limits of the 
voltage 
specification. 
For 
more 
information 
on 
measurement 
techniques, 
see 
the 
Voltage 
Guidelines 
for 
PentiufTI/P Processors 
with 
MMXTM 
Technologyapplication 
note (Order Number 243186). 


3.1.2.1.2. 
Oecoupling 
Rec~mmendations 


Liberal 
decoupling 
capacitance 
should 
be 
placed 
near the Pentium 
processor 
with MMX 
technology. 


The Pentium 
processor 
with MMX technology, 
when 
driving 
its 
large 
address 
and 
data 
buses 
at 
high 
frequencies, 
can 
cause 
transient 
power 
surges, 
particularly 
when driving large capacitive 
loads. 


low 
inductance 
capacitors 
and 
interconnects 
are 
recommended 
for 
best 
high 
frequency 
electrical 
performance. 
Inductance 
can 
be 
reduced 
by 
shortening 
circuit board traces 
between 
the Pentium 
processor 
with 
MMX 
technology 
and 
decoupling 
capacitors 
as much 
as possible. 
These 
capacitors 
should be evenly distributed 
around each component 
on 
the 
power 
plane. 
Capacitor 
values 
should 
be 
chosen 
to ensure 
they eliminate 
both low and high 
frequency 
noise components. 


For the Pentium processor 
with MMX technology, 
the 
power consumption 
can transition 
from a low level of 
power to a much higher level (or high to low power) 
very rapidly. A typical 
example 
would be entering 
or 
exiting the Stop Grant State. Another 
example 
would 
be 
executing 
a 
HALT 
instruction, 
causing 
the 
Pentium processor 
with MMX technology 
to enter the 
AutoHAl 
T Power 
Down 
State, 
or transitioning 
from 
HALT 
to the 
Normal 
.state. 
All of these 
examples 
may 
cause 
abrupt 
changes 
in 
the 
power 
being 
consumed 
by 
the 
Pentium 
processor 
with 
MMX 
technology. 
Note 
that 
the 
AutoHAl 
T Power 
Down 
feature 
is always 
enabled 
even 
when 
other 
power 
management 
features 
are not implemented. 


Bulk storage 
capacitors 
with a low Effective 
Series 
Resistance 
(ESR) 
in the 
10n 
to 
100n 
range 
are 
required 
to 
maintain 
a 
regulated 
supply 
voltage 
during the interval 
between 
the time the current 
load 
changes 
and 
the 
point 
that 
the 
regulated 
power 
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supply 
output 
can 
react 
to the 
change 
in load. 
In 
order 
to reduce 
the 
ESR, 
it may 
be necessary 
to 
place several bulk storage 
capacitors 
in parallel. 


These capacitors 
should be placed near the Pentium 
processor 
with 
MMX 
technology 
on both the VCC2 
and 
VCC3 plane 
to ensure 
that 
the 
supply 
voltage 
stays 
within 
specified 
limits 
during 
changes 
in the 
supply current during operation. 


Detailed 
decoupling 
recommendations 
are provided 
in 
the 
Flexible 
Motherboard 
Design 
Guidelines 
application 
note (Order Number 243187) 


3.1.2.2. 
3.3V Inputs 
and Outputs 


The inputs.and 
outputs of the Pentium processor 
with 
MMX 
technology 
comply 
with 
the 
3.3V 
JEDEC 
standard 
levels. 
Both 
inputs 
and 
outputs 
are 
also 
TTl-compatible, 
although 
the inputs 
cannot 
tolerate 
voltage swings above the VIN3(max) specification. 


System 
support 
components 
which 
use 
TTl- 
compatible 
inputs 
will 
interface 
to 
the 
Pentium 
processor 
with MMX technology 
without 
extra logic. 


This 
is 
because 
the 
Pentium 
processor 
drives 
according 
to 
the 
5V 
TTl 
specification 
(but 
not 
beyond 3.3V). 


For Pentium processor 
with MMX technology 
inputs, 
the voltage 
must 
not exceed 
the 3.3V 
VIN3 (max) 
specification. 
System 
support 
components 
can 
consist 
of 3.3V devices 
or open-COllector devices. 
In 
an open-collector 
configuration, 
the external 
resistor 
should be biased to VCC3. 


All 
pins, 
including 
the 
ClK 
and 
PICClK 
of 
the 
Pentium 
processor 
with MMX technology, 
are 3.3V- 
tolerant-only, 
If an 8259A interrupt controller 
is used, 
for 
example, 
the 
system 
must 
provide 
level 
converters 
between 
the 
8259A 
and 
the 
Pentium 
processor 
with MMX technology. 


3.1.2.3. 
NcnNC 
and Unused 
Inputs 


All NC and INC pins must remain unconnected. 


For reliable operation, 
always connect 
unused 
inputs 
to an 
appropriate 
signal 
level. 
Unused 
active 
low 
inputs should 
be connected 
to VCC3. Unused 
active 
high inputs should be connected 
to \Ss (ground). 
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3.1.2.4. 
Private Bus 


When two Pentium processors with MMX technology 
are operating in dual processor mode, a 'private bus" 
exists to arbitrate for the processor bus and maintain 
local cache coherency. The private bus consists of 
two pinout changes: 


1. 
Five 
pins 
are 
added: 
PBREQ#, 
PBGNT#, 
PHIT#, PHITM#, D/P#. 


2. 
Ten output pins become 110 pins: ADS#, D/C#, 
W/R#, MlIO#, CACHE#, LOCK#, HIT#, HITM#, 
HLDA, SCYC, BE#4. 


The new pins are given AC specifications of valid 
delays at 0 pF, setup times and hold times. Simulate 
with these parameters and their respective 110 buffer 
models to guarantee that proper timings are met. 


The AC specification gives input setup and hold 
times for the ten signals that become 110 pins. These 
setup and hold times must only be met when a dual 
processor is present in the system. 


3.1.3. 
BUFFER MODELS 


The structure of the buffer models for the Pentium 
processor with MMX technology and' the Pentium 
processor 133/150/166/200 are identical. Some of 
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the values of the components have changed to 
reflect the minor manufacturing process and package 
differences between the processors. The system 
should see insignificant differences between the AC 
behavior 
of 
the 
Pentium processor 
with 
MMX 
technology 
and 
the 
Pentium 
processor 
133/150/166/200. 


Simulation 
of 
AC 
timings 
using 
the 
Pentium 
processor with MMX technology buffer models is 
recommendedto ensure robust system designs. Pay 
specific attention to the signal quality restrictions 
imposed by 3.3V buffers. 


3.2. 
Absolute Maximum Ratings 


Table 9 provides stress 
ratings only. 
Functional 
operation at the Absolute Maximum Ratings is not 
implied 
or 
guaranteed. 
Functional 
operating 
conditions are given in the AC and DC specification 
tables. 


Extended exposure to the maximum ratings may 
affect device reliability. Furthermore, although the 
Pentium processor with MMX technology contains 
protective 
circuitry 
to 
resist 
damage 
from 
electrostatic discharge, always take precautions to 
avoid high static voltages or electric fields. 


Table 9. Absolute Maximum Ratings 


Symbol 
Parameter 
Mln 
Max 
Unit 
Notes 


Storage Temperature 
-65 
150 
°C 


Case Temperature Under 
-65 
110 
°C 
Bias 


VCC3 
VCC3Supply Voltage with 
-0.5 
4.6 
V 
respect to Vss 


VCC2 
VCC2Supply Voltage with 
-0.5 
3.7 
V 
respect to Vss 


VIN3 
3V Only Buffer DC Input 
-0.5 
VCC3+0.5 (not to 
V 
Voltage 
exceed VCC3max) 


WARNING 


Stressing the device beyond the Absolute Maximum Ratings may cause permanent damage. These are 
stress ratings only. Operation beyond the DC specifications is not recommended or guaranteed ,and 
extended exposure beyond the DC specifications may affect device reliability. 
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3.3. 
DC Specifications 


Table 10 and Table 11 list the DC Specifications 
of the Pentium processor 
with MMX technology. 


Table 10. Vcc and TCASESpecifications 


Symbol 
Parameter 
Min 
Nom 
Max 
Unit 
Notes 


TCASE 
Case Temperature 
0 
70 
°C 


VCC2 
VCC2Voltage 
2.7 
2.8 
2.9 
V 
Range = 2.8 ± 3.57%(1) 


VCC3 
VCC3Voltage 
3.135 
3.3 
3.6 
V 
Range = 3.3-5%, 
+9.09%(1) 


NOTES: 


1. 
See the vcc measurement 
specification 
section 
earlier in this chapter. 


Table 11. 3.3V DC Specifications 
(See Table 10 for Vcc and TCASEassumptions.) 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


VIL3 
Input Low Voltage 
-0.3 
0.8 
V 
TIL 
Level 


VIH3 
Input High Voltage 
2.0 
VCC3+0.3 
V 
TIL 
Level (3) 


VOL3 
I 
Output Low Voltage 
0.4 
V 
TIL 
Level (1,4) 


VOH3 
Output High Voltage 
2.4 
, .'. 
V 
TIL 
Level (2) 


NOTES: 


1. 
Parameter 
measured 
at -4 mA. 


2. 
Parameter 
measured 
at 3 mA. 


3. 
Parameter 
measured 
at nominal 
VCC3which 
is 3.3V. 


4. 
In dual processing 
systems, 
up to a 10 mA load from the second 
processor 
may be observed 
on the PCHK# 
signal. 
Based 
on silicon 
characterization 
data, VOL3of PCHK# 
will remain 
less than 400 mV even with a 10 mA load. PCHK# 
\OL3 will 
increase 
to approximately 
500 mV with a 14 mA load (worst case for a DP system 
with a 4 mA system 
load). 


Table 
12. Ice Specifications 
(Measured 
at Vcc2=2.9V 
and Vcc3=3.6V.) 


Symbol 
Parameter 
Mln 
Max 
Unit 
Notes 


lcca 
Power Supply Current 
6500 
mA 
233 MHz 
5700 
mA 
200 Mhz(l) 


4750 
mA 
166 MHz 
(1) 


ICC3 
Power Supply Current 
750 
mA 
233 MHz 
650 
mA 
200 MHz 
(1) 


540 
mA 
166 MHz 
(1) 
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Stop Grant I Auto Halt 
2.61 
Watts 
233 MHz (3) 
Powerdown 
Power 
2.41 
Watts 
200 MHz(3) 
2.05 
Watts 
166 MHz (3) 


Stop Clock Power 
0.03 
< 0.3 
Watts 
All frequencies 
(4) 


NOTES: 


1. 
This is the typical 
power dissipation 
in a system. 
This value is expected 
to be the average 
value that will be measured 
in a 
system 
using a typical 
device 
at VCC2 = 2.8V 
running 
typical 
applications. 
This value 
is highly dependent 
upon the specific 
system 
configuration. 
Typical 
power specifications 
are not tested. 


2. 
Systems 
must be designed 
to thermally 
dissipate 
the maximum 
active power dissipation. 
It is determined 
using worst case 
instruction 
mix with VCC2 = 2.8V 
and VCC3 = 3.3 and also takes 
into account 
the thermal 
time constants 
of the package. 


3. 
Stop Grant/Auto 
Halt Power 
Down Power Dissipation 
is determined 
by asserting 
the STPClK# 
pin or executing 
the HALT 
instruction. 


4. 
Stop Clock Power 
Dissipation 
is determined 
by asserting 
the STPClK# 
pin and then lemoving 
the external 
ClK 
input. 


5. 
Active 
Power (typ) is the average 
power measured 
in a system 
using a typical device 
running typical 
applications 
under 
normal operating 
conditions 
at nominal 
VCC and room temperature. 


6. 
Active 
Power (max) is the maximum 
power dissipation 
under normal 
operating 
conditions 
at nominal 
\tC2. 
worst-case 


temperature. 
while executing 
the worst case power instruction 
mix. Active power (max)·is 
equivalent 
to Thermal 
Design 
Power (max) .. 
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Table 14. Input 
and Output 
Characteristics 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


CIN 
Input Capacitance 
15 
pF 
(4) 


Co 
Output Capacitance 
20 
pF 
(4) 


Cl/a 
1/0 Capacitance 
25 
pF 
(4) 


CCLK 
ClK 
Input Capacitance 
15 
pF 
(4) 
, 


CTIN 
Test Input Capacitance 
15 
pF 
(4) 


CTOUT 
Test Output Capacitance 
20 
pF 
(4) 


CTCK 
Test Clock Capacitance 
15 
pF 
(4) 


lu 
Input leakage 
Current 
±15 
!lA 
0< 
VIN < VIL, 
VIH> VIN > VCC (1) 


ILO 
Output leakage 
Current 
±15 
!lA 
0< VIN < VIL, 
VIH> VIN > VCC (1) 


hH 
Input leakage 
Current 
200 
!lA 
VIN = 2.4V (3) 


IlL 
Input leakage 
Current 
-400 
!lA 
VIN = O.4V (2, 5) 


NOTES: 


1. 
This parameter 
is for inputs/outputs 
without 
an internal 
pull-up or pull-down. 


2. 
This parameter 
is for inputs with an internal 
pull-up. 


3. 
This parameter 
is' for inputs with an internal 
pull-down. 


4. 
Guaranteed 
by design. 


5. 
This specification 
applies 
to the HITM# 
pin when it is driven as an input (e.g., in JTAG mode). 


2-102 
1998 PentiurrflP Processor 
Databook 


Pentium@ Processor 
with MMXTM 
Technology 


3.4. 
ACSpecifications 


I 


Each 
Pentium processor 
with 
MMX technology 
specified to operate within a single bus-to-core ratio 
and a specific minimum to maximum bus frequency 
range (corresponding to a minimum to maximum 
core frequency range). Operation in other bus-to- 
core 
ratios 
or 
outside 
the 
specified 
operating 
frequency range is not supported. For example, the 
166 MHz Pentium processor with MMX technology 
does not operate beyond the 66 MHz bus frequency 
and only supports the 2/5 bus-to-core ratio; it does 
not support the 1/3, 
112, or 2/3 bus-to-core ratios. 


Table 3 
clarifies 
and 
summarizes 
these 
specifications. 


The AC specifications consist of output delays, input 
setup requirements and input hold requirements. All 
AC specifications (with the exception of those for the 
TAP signals and APIC signals) are relative to the 
rising edge of the ClK input. 


All timings are referenced to 1.5volts for both "0" and 
"1" logic levels unless otherwise specified. Within the 
sampling window, a synchronous input must be 
stable for correct Pentium processor with MMX 
technology operation. 


Each valid delay is specified for a 0 pF load. The 
system designer should use 1/0 buffer modeling to 
account for signal flight time delays. 


Symbol 
Parameter 
Mln 
Max 
Unit 
Figure 
Notes 


Frequency 
33.33 
66.6 
MHz 
4 


tla 
ClK Period 
15.0 
30.0 
ns 
4 


tlb 
ClK Period Stability 
±250 
ps 
Adjacent Clocks (1.25) 


t2 
ClK High Time 
4.0 
ns 
4 
2V(l) 


13 
ClK low Time 
4.0 
ns 
4 
0.8V(l) 


4 
ClK Fall Time 
0.15 
1.5 
ns 
4 
(2.0V-o.8V) (1.5) 


Is 
ClK Rise Time 
0.15 
1.5 
ns 
4 
(0.8V-2.0V) (1.5) 


!sa 
PWT, PCD, CACHE# Valid 
1.0 
7.0 
ns 
5 
Delay 


Isb 
AP Valid Delay 
1.0 . 
8.5 
ns 
5 


I&: 
BEO-7#,lOCK# Valid Delay 
0.9 
7.0 
ns 
5 
(4) 


lad 
ADS# Valid Delay 
0.8 
6.0 
ns 
5 


!se 
ADSC#, D/C#, W/R#, SCYC, 
0.8 
7.0 
ns 
5 
Valid Delay 


Isf 
M/IO# Valid Delay 
0.8 
5.9 
ns 
5 


Isg 
A3-A 16 Valid Delay 
0.5 
6.6 
ns 
5 
I 


Ish 
A17-A31 Valid Delay 
0.6 
6.6 
ns 
5 


Table 15. Pentlume Processor with MMXTMTechnology AC Specifications 
for 
66-MHz Bus Operation 
(See Table 10for vcc and TCASEspecifications, Ct. = 0 pF.) 
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Table 
15. Pentium® 
Processor 
with 
MMXTM Technology 
AC Specifications 
for 
66·MHz 
Bus Operation 
(Cont'd) 
(See Table 10 for Vcc and TCASEspecifications, 
CL = 0 pF.) 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


h 
ADS#, ADSC#, 
AP, A3-A31, 
10.0 
ns 
6 
(1) 


PWT, PCD, BEO-7#, M/IO#, 
D/C#, W/R#, CACHE#, 
SCYC, 


LOCK# Float Delay 


tea 
APCHK#, 
IERR#, FERR# Valid 
1.0 
8.3 
ns 
5 
(4) 


Delay 


tab 
PCHK# Valid Delay 
1.0 
7.0 
ns 
5 
(4) 


t9a 
BREQ Valid Delay 
1.0 
8.0 
ns 
5 
(4) 


" 
, 


t9b 
SMIACT# 
Valid Delay 
1.0 
7.3 
ns 
5 
(4) 


t9c 
HLDA Valid Delay 
1.0 
6.8 
ns 
5 


t,Oa 
HIT# Valid Delay 
1.0 
6.8 
ns 
5 


troe 
HITM# Valid Delay 
0.7 
6.0 
ns 
5 


t11a 
PMO-1, BPO-3 Valid Delay 
1.0 
10.0 
ns 
5 


t11b 
PRDY Valid Delay 
1.0 
8.0 
ns 
5 


t12 
00-063, 
DPO-7 Write Data Valid 
1.3 
7.5 
ns 
5 


Delay 


t13 
00-063, 
DPO-3 Write Data Float 
10.0 
ns 
6 
(1) 


Delay 


t14 
A5-A31 
Setup Time 
6.0 
ns 
7 
(26) 


t15 
A5-A31 
Hold Time 
1.0 
ns 
7 


t16a 
INV, AP Setup Time 
5.0 
ns 
7 


t,6b 
EADS# Setup Time 
5.0 
ns 
7 
, . 


t17 
EADS#, INV, AP Hold Time 
1.0 
ns 
7 


t18a 
KEN# Setup Time 
5.0 
ns . 
7 


t18b 
NA#, WBIWT# 
Setup Time 
4.5 
ns 
7 
" 


t19 
KEN#, WBIWT#, 
NA# Hold Time 
1.0 
, 


ns 
7 


t20 
BRDY#, BRDYC# 
Setup Time 
5.0 
ns 
7 


t21 
BRDY#, 
BRDYC# 
Hold Time 
1.0 
ns 
7 


t22 
AHOLD, 
BOFF# Setup Time 
5.5 
ns 
7 


t23 
AHOLD, 
BOFF# Hold Time 
1.0 
ns 
7 


t24a 
BUSCHK#, 
EWBE#, 
HOLD 
5.0 
ns 
7 
Setup Time 
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Symbol 
Parameter 
Mln 
Max 
Unit 
Figure 
Notes 


t24b 
PEN# Setup Time 
4.8 
ns 
7 


125a 
BUSCHK#, 
EWBE#, 
PEN# Hold 
1.0 
ns 
7 
Time 


t25b 
HOLD Hold Time 
1.5 
ns 
7 


t26 
A20M#, 
INTR, STPClK# 
Setup 
5.0 
ns 
7 
(12,16) 


Time 


127 
A20M#, 
INTR, STPClK# 
Hold 
1.0 
ns 
7 
(13) 


Time 


128 
INIT, FlUSH#, 
NMI, SMI#, 
5.0 
ns 
7 
(12,16,17) 


IGNNE# 
Setup Time 


t29 
INIT, FlUSH#, 
NMI, SMI#, 
1.0 
ns 
7 
(13) 


IGNNE# 
Hold Time 


130 
INIT, FLUSH#, 
NMI, SMI#, 
2.0 
ClK 
(15,17) 


IGNNE# 
Pulse Width, Async 


131 
RlS# Setup Time 
, 
5.0 
ns 
7 
(12.16,17) 


tsa 
RlS# Hold Time 
1.0 
ns 
7 
(13) 


tss 
RlS# Pulse Width, Async. 
2.0 
ClK 
15,17) 


b4 
00-063, 
OPO-7 Read Data 
2.8 
ns 
7 
Setup Time 
, 


135 
00-063, 
OPO-7 Read Data Hold 
1.5 
ns 
7 
Time 


tss 
RESET Setup Time 
5.0 
ns 
8 
(12.16) 


137 
RESET Hold Time 
1.0 
ns 
8 
(13) 


tsa 
RESET Pulse Width, vcc & ClK 
15.0 
ClK 
8 
(17) 
Stable 


139 
RESET Active After Vee & ClK 
1.0 
ms 
8 
Power up 
Stable 


40 
Reset Configuration 
Signals 
5.0 
ns 
8 
(12.16.17) 
(INIT, FlUSH#) 
Setup Time 


41 
Reset Configuration 
Signals 
1.0 
ns 
8 
(13) 
(IN IT, FlUSH#) 
Hold Time 


42a 
Reset Configuration 
Signals 
2.0 
ClK 
To RESET falling edge 
(INIT, FlUSH#) 
Setup Time, 
(16) 
Async. 


42b 
Reset Configuration 
Signals 
2.0 
ClK 
To RESET falling edge 


Table 
15. 
Pentiu~ 
Processor 
with 
MMXTM Technology 
AC Specifications 
for 
66-MHz 
Bus Operation 
(Cont'd) 
(See Table 10 for Vee and TeAsE specifications, 
Q = 0 pF.) 
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Table 
15. Pentium® 
Processor 
with 
MMXTM Technology 
AC Specifications 
for 
66-MHz 
Bus Operation 
(Cont'd) 
(See Table 10 for Vcc and TCASEspecifications, 
CL = 0 pF.) 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


(INIT, FlUSH#, 
BRDYC#, 
(27) 


BUSCHK#) 
Hold Time, Async. 


42c 
Reset Configuration 
Signals 
3.0 
ClK 
To RESET falling edge 
(BRDYC#, 
BUSCHK#) 
Setup 
(27) 


Time, Async. 


43a 
BFO, BF1, CPUTYP 
Setup Time 
1.0 
ms 
8 
To RESET falling edge 
(22) 


43b 
BFO, BF1, CPUTYP 
Hold Time 
2.0 
ClK 
To RESET falling edge 
(22) 


43c 
APICEN, 
BE4# Setup Time 
2.0 
ClK 
To RESET falling edge 


43d 
APICEN, 
BE4# Hold Time 
2.0 
ClK 
To RESET falling edge 


t44 
TCK Frequency 
16.0 
MHz 


TCK Period 
62.5 
- 
t4S 
ns 
4 
; 


t46 
TCK High Time 
I 
25.0 
ns 
4 
2V(1) 


47 
TCK low 
Time 
25.0 
ns 
4 
0.8V(1) 


146 
TCK Fall Time 
I 
. 
5.0 
ns 
4 
(2.0V-o.8V) 
(1.8.9) 


149 
TCK Rise Time 
5.0 
ns 
4 
(0.8V-2.0V) 
(1.8.9) 


tso 
TRST# 
Pulse Width 


i 
40.0 
ns 
10 
Asynchronous 
(1) 


tS1 
TDI, TMS Setup Time 
5.0 
ns 
9 
(7) 


tS2 
TDI, TMS Hold Time 
13.0 
ns 
9 
(7) 


tS3 
TDO Valid Delay 
2.5 
20.0 
ns 
9 
(8) 


tS4 
TDO Float Delay 
25.0 
ns 
9 
(1.8) 


tss 
All Non-Test 
Outputs 
Valid Delay 
2.5 
20.0 
ns 
9 
(3.8.10) 


tS6 
All Non-Test 
Outputs 
Float Delay 
25.0 
ns 
9 
(1.3.8.10) 


tS7 
All Non-Test 
Inputs Setup Time 
5.0 
ns 
9 
(3.7.10) 


tS8 
All Non-Test 
Inputs Hold Time 
13.0 
ns 
9 
(3.7.10) 


APIC AC Specifications 


t60a 
PICClK 
Frequency 
2.0 
16.66 
MHz 
4 


t60b 
PICClK 
Period 
60.0 
500.0 
ns 
4 


t60c 
PICClK 
High Time 
15.0 
ns 
4 


tsod 
PICClK 
low 
Time 
I 
15.0 
ns 
4 
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Symbol 
Parameter 
Mln 
Max 
Unit 
Figure 
Notes 


tsoe 
PICCLK Rise Time 
0.15 
2.5 
ns 
4 


t60f 
PICCLK Fall Time 
0.15 
2.5 
ns 
4 


tsog 
PICDO-1 Setup Time 
3.0 
ns 
7 
To PICCLK 


tsoh 
PICDO-1 Hold Time 
2.5 
ns 
7 
To PICCLK 


tsoi 
PICDO-1 Valid Delay (LtoH) 
4.0 
38.0 
ns 
5 
From PICCLK 
(28) 


tsoj 
PICDO-1 Valid Delay (HtoL) 
4.0 
22.0 
ns 
5 
From PICCLK 
(28) 


Table 15. PentlumQII Processor 
with 
MMXTM Technology 
AC Specifications 
for 
66·MHz 
Bus Operation 
(Cont'd) 
(See Table 10 for vcc and TCASEspecifications, 
CL = 0 pF.) 


NOTES: 


Please 
refer to Table 
16 for footnotes. 
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Table 16. Pentiurne, 
Processor 
with 
MMXTM Technology 
Dual Processor 
Mode 
AC Specifications 
for 66-MHz 
Bus Operation 
(See Table 10 for Vcc and TCASEassumptions.) 


Symbol 
Parameter 
Mln 
Max 
Unit 
Figure 
Notes 


taoa 
PBREQ#, 
PBGNT#, 
PHIT# 
0.0 
2.0 
ns 
5 
(11,24) 


Flight Time 


taob 
PHITM# 
Flight Time 
0.0 
1.8 
ns 
5 
(11.24) 


la3a 
A5-A31 
Setup Time 
3.7 
ns 
7 
(18) 


Ia3b 
D/C#, W/R#, CACHE#, 
4.0 
ns 
7 
(18,21) 


lOCK#, 
SCYC Setup Time 


tsae 
ADS#, M/IO# Setup Time 
5.8 
ns 
7 
(18,21) 


Ia3d 
HIT#, HITM# Setup Time 
6.0 
ns 
7 
(18.21) 


la3e 
HlDA 
Setup Time 
6.0 
ns 
7 
(18,21) 


ls4a 
CACHE#, 
HIT# Hold Time 
1.0 
ns 
7 
(18.21) 


Is4b 
ADS#, D/C#, W/R#, M/IO#, 
0.8 
ns 
7 
(18.21) 


A5-A31, 
HlDA, 
SCYC Hold 
Time 


t84c 
lOCK# 
Hold Time 
0.9 
ns 
7 
(18,21) 


Is4d 
HITM# Hold Time 
0.7 
ns 
7 
(18,21) 


1s5 
DPEN# Valid Time 
10.0 
ClK 
(18,19,23) 


1s6 
DPEN# Hold Time 
2.0 
ClK 
(18,20,23) 


1s7 
APIC ID (BEO#-BE3#) 
Setup 
2.0 
CLI< 
8 
To falling Edge of 
Time 
RESET (23) 


tss 
APIC ID (BEO#-BE3#) 
Hold 
2.0 
ClK 
8 
From Falling Edge of 


Time 
RESET (23) 


Isg 
D/P# Valid Delay 
1.0 
8.0 
ns 
5 
Primary 
Processor 
Only 


NOTES: 


Notes 2,6 
and 14 are general 
and apply to all standard 
TTl 
signals 
used with the Pentiunfi' 
processor 
family. 


Each valid delay is specified 
for a 0 pF load. The system 
desiqner 
should 
use I/O buffer models 
to account 
for signal flight time 


delays. 


1. 
Not 100% tested. 
Guaranteed 
by design/characterization. 


2. 
TTl 
input test waveforms 
are assumed 
to be 0 to 3V transitions 
with 1 V/ns rise and fall times. 


3. 
Non-test 
outputs 
and inputs are the normal output 
or input signals 
(besides 
TCK, TRST#, 
TOI, TOO and TMS). These 


timings 
correspond 
to the response 
of these signals 
due to boundary 
scan operations. 


4. 
APCHK#, 
FERR#, 
HlOA, 
IERR#, 
lOCK# 
and PCHK# are glitch-free 
outputs. 
Glitch-free 
signals 
monotonically 
transition 


without 
false transitions 
(i.e., glitches). 


5. 
0.8V Ins ( ClK 
input rise/fall time s 8V Ins. 


6. 
0.3V/ns 
( input rise/fall time $ 5V/ns. 


7. 
Referenced 
to TCK rising edge. 


8. 
Referenced 
to TCK falling edge. 


9. 
1 ns can be added to the maximum 
TCK rise and fall times for every 10 MHz of frequency 
below 33 MHz .. 


10. 
During debugging, 
do not use the boundary 
scan timings 
(155 to tsa). 
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of two clocks before 
being returned 
active. 


18. 
Timings 
are valid only when dual processor 
is present. 


19. 
Maximum 
time 'PPEN# 
is valid from rising edge of RESET. 


20. 
Minimum 
time DPEN# 
is valid after falling edge of RESET. 


21. 
The D/C#, M/IO#, W/R#, CACHE# 
and A5-A31 
signals 
are sampled 
only on the ClK 
that ADS# is active. 


22. 
In order to override 
the intemal 
defaults 
and guarantee 
that the BF[l :0] inputs remain 
stable while RESET 
is active, these 
pins should 
be strapped 
directly 
to or through 
a pull-up/pull-down 
resistor 
to VCC3or ground. 
Driving 
these pins with active 
. 


logic is not recommended 
unless stability 
duringt 
RESET 
can be guaranteed. 
Similarly, 
CPUTYP 
should 
also be strapped 
directly 
to or through 
a pull-up/pull-down 
resistor 
to VCC3or ground. 


23. 
RESET 
is synchronous 
in dual processing 
mode. All signals 
which have a setup or hold time with respect 
to a falling or 
rising edge of RESET 
in UP mode, 
should 
be measured 
with respect to the first processor 
clock edge in which 
RESET 
is 
sampled 
either active or inactive 
in dual processing 
mode. 
' 


24. 
The PHIT# and PHITM# 
signals 
operate 
at the core frequency. 


25. 
These signals 
are measured 
on the rising edge of adjacent 
ClKs 
at 1.5V. To ensure 
a 1: 1 relationship 
between 
the 
amplitude 
of the input jitter and the intemal 
and external 
clocks, 
the jitter frequency 
spectrum 
should 
not have any power 
spectrum 
peaking 
between 
500 kHz and 1/3 of the ClK 
operating 
frequency. 
The amount 
of jitter present 
must be 
accounted 
for as a component 
of ClK 
skew between 
devices. 
The internal 
clock generator 
requires 
a constant 
frequency 
ClK 
input to within ±250 ps. Therefore, 
the ClK 
input cannot be changed 
dynamically. 


26. 
In dual processing 
mode, timing t14 is replaced 
by ta3a. Timing 
t14 is required 
for extemal 
snooping 
(e.g., address 
setup to 
the ClK 
in which 
EADS# 
is sampled 
active) 
in both uniprocessor 
and dual processor 
modes. 


27. 
BRDYC# 
and BUSCHK# 
are used as reset configuration 
signals 
to select buffer size. 


28. 
This assumes 
an extemal 
pull-up 
resistor 
to Vcc and a lumped 
capacitive 
load. The pull-up 
resistor 
must be between 
300 ohms and lK ohms, the capacitance 
must be between 
20 pF and 240 pF, and the RC product 
must be between 
6 ns 
and 36 ns. VOl 
for PICDO-l 
is 0.55V. 


elK 


Tv = t5, t49, t60e 
Tw = t4, t48, t60f 
Tx = t3, t47, t60d 
Ty = tl, 
t45, t60b 
Tz = 12, t46, t60c 


Figure 4. Clock Waveform 
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Signal 


Tx = is. 18. 19. 110. 111. 112. ISOi. ISOj. 180a. 189 


Figure 5. Valid Delay Timings 


Signal 


Tx = 17. 113; Ty = tsmln, 
112min 


Figure 6. Float Delay Timings 


elK 


Signal 
VALID 


Tx = 114. 11S. 118. 120. 122. 124. 12S. 128. 131. 134. ISOg (10 PICClK).181. 
183 


Ty = 115. 117. 119. 121. 123. 125. 127. 129. 132. 135. ISOh (10 PICClK). 
182. 184 


Figure 7. Setup and Hold Timings 


intet~ 
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eLK 


, RESET 
.••••• 
1.5V 


Conflg 
VAliD 


Tw 
••..-----...:..----- 
.•••1---..1 T. 


Tt = t40, Tu = t41, Tv = t37, T w =t42, t43a, t43c, t87, Tx = t43b, t43d, t431, t88, Ty = t38, t39, Tz = t36 


Figure 8. Reset and Configuration 
Timings 


TOI 
TMS 


TCK 


~ 
T, 
s~~~~ 
\ \ \ \ \ ~ 
~\\\\\\\ 


Tr = t57, Ts = t58, Tu = t54, Tv = t51, Tw = t52, Tx = t53, Ty = t55, Tz = t56 


o~~ 
~~~~~~~rJ,r-----~'--+--~1 
Signals 


Figure 9. Test Timings 


TRST# 


Tx=t50 


Figure 10. Test Reset Timings 
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Signal 
Level 


H-"':"'-~~/················································· 
. 


v•• 


Figure 11. 50 Percent Vcc Measurement of Flight Time 


4.0. 
MECHANICAL 
SPECIFICATIONS 
spreader. In this section, both ceramic (spreader and 
non-spreader) as well as 
plastic packages are 


shown. 
The Pentium processor with MMX technology is 
packaged in 296-pin staggered pin grid array ceramic 
(SPGA) or plastic (PPGA) packages. The pins are 
arranged in a 37 x .37 matrix and the package 
dimensions are 1.95" x 1.95" (Table 17). A 1.25' x 
1.25" copper tungsten 
heat 
spreader 
may 
be 


attached to the top of some of the ceramic packages. 
This 
package 
design 
with 
spreader 
has 
been 


replaced with a package which has no attached 


Package 
summary 
information 
is 
provided 
in 
Table 17. The 
mechanical specifications for the 


Pentium 
processor 
with 
MMX 
technology 
are 


provided in Table 18 and Table 19. Figure 12 and 
Figure 13show the package dimensions. 


Table 17. Package Information Summary for Pentiu~ 
Processor with MMXTMTechnologty 


Package Type 
Total Pins 
Pin Array 
Package Size 


Ceramic Staggered Pin Grid Array (SPGA) 
296 
37 x37 
1.95" x 1.95" 


4.95 cm x 4.95 cm 


Plastic Staggered Pin Grid Array (PPGA) 
296 
37 x 37 
1.95" x 1.95" 


4.95 cm x 4.95 cm 
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Figure 
12. SPGA Package 
Dimensions 


Table 
18. SPGA Package 
Dimensions 


Mlllimeters 
Inches 


Symbol 
·Mln 
Max 
'Notes 
Mln 
Max 
Notes 


A 
2.62 
2.97 
0.103 
0.117 


A1 
0.69 
0.84 
Ceramic 
Lid 
0.027 
0.033 
Ceramic 
Lid 


A2 
3.31 
3.81 
Ceramic 
Lid 
0.130 
0.150 
Ceramic 
Lid 


B 
0.43 
0.51 
0.017 
0.020 


D 
49.28 
49.78 
1.940 
1.960 


D1 
45.59 
45.85 
1.795 
1.805 


e, 
2.29 
2.79 
0.090 
0.110 


L 
3.05 
3.30 
0.120 
0.130 


N 
296 
Lead Count 
296 
Lead Count 
8, 
1.52 
2.54 
0.060 
0.100 
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Figure 
13. 
PPGA Package 
Dimensions 


mM. A 


intet 


Table 
19. PPGA Package 
Dimensions 
- 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
2.72 
3.33 
0.107- 
0.131 
~ 


A1 
1.83 
2.23 
0.072 
0.088 


A2 
1.00 
0.039 


B 
0.40 
0.51 
0.016 
0.020 


D 
49.43 
49.63 
1.946 
1.954 


D1 
45.59 
45.85 
:" 
1.795 
1.805 


D2 
23.44 
23.95 
0.923 
0.943 


e1 
2.29 
2.79 
0.090 
0.110 


F1 
17.56 
0.692 


F2 
23.04 
0.907 


L 
3.05 
3.30 
0.120 
0.130 


N 
296 
Lead Count 
296 
Lead Count 
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Table 19 PPGA Package Dimensions 
r-~- 
- 
Millimeters 
Inches 


Symbol 
Mln 
Max 
Notes 
Min 
Max 
Notes 


Sl 
1.52 
2.54 
0.060 
0.100 


5.0. 
THERMAL SPECIFICATIONS 


The Pentium. processor with MMX technology is 
specified 
for 
proper 
operation 
when 
case 
temperature. TCASE.(TC)is within the specified range 
of O°Cto 70°C. 


5.1. 
Measuring Thermal Values 


To verify that the proper TC is maintained. it should 
be measured at the center of the package top 
surface (opposite of the pins). The measurement is 
made in the same way with or without a heatsink 
attached. When a heatsink is attached. a hole 
(smaller than 0.150' 
diameter) should be drilled 
through the heatsink to allow probing the center of 
the package. See Figure 14 for an illustration of how 
to measure TC. 


To 
minimize 
the 
measurement 
errors. 
it 
is 
recommended to use the following approach: 


• 
Use 36-gauge or finer diameter K. T. or J type 
thermocouples. The laboratory testing was done 
using a thermocouple made by Omega' (part 
number 5TC-TTK-36-36). 


• 
Attach the thermocouple bead or junction to the 
center of the package top surface using high 
thermal conductivity cements, The laboratory 
testing was done by using Omega Bond (part 
number OB-100). 


• 
The thermocouple should be attached at a 90- 
degree angle as shown in Figure14. 


• 
The hole size should be smaller than 0.150' in 
diameter. 


• 
Make 
sure 
there 
is 
no 
contact 
between 
thermocouple cement and heatsink base. The 
contact will affect the thermocouple reading. 
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5.1.1. 
THERMAL EQUATIONS AND DATA 


For the Pentium processor with MMX technology. an 
ambient temperature. TA (air temperature around the 
processor). 
is 
not 
specified 
directly. 
The 
only 
restriction is that TC is met. To calculate TA values. 
the following equations may be used: 


TA= Tc - (P' 0CA) 


Where: 


TAand Tc = 
Ambient and case temperature. (OC) 


0CA= 
Case-to-ambient thermal resistance. 
(QClWatt) 


Junction-to-ambient thermal 
resistance. (QClWatt) 


Junction-to-case thermal resistance. 
(2ClWatt) 


P= 
Maximum power consumption (Watt) 


Table 20 and Table 21 list the 0JC and 0CA values 
for the Pentium processor with MMX technology with 
passive heatsinks. 0JCis thermal resistance from die 
to package case. 0JC values shown in these tables 
are typical values. The actual 0JC'values depend on 
actual thermal conductivity and process of die attach. 
0CA is thermal resistance from package case to the 
ambient. 0CA values shown in these tables are 
typical values. The actual 0CA values depend on the 
heatsink design. interface .between heatsink and 
package. the air flow in the system. and thermal 
interactions between processor and 
surrounding 
components through PCB and the ambient. Figure 15 
and 
Figure 16 show 
Table 20 
and 
Table 21 
in 
graphical format. 
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PPGA 


SPGA 


Figure 
14. Technique 
fore 
Measuring 
Tc on PPGA and SPGA Packages 
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with MMXTM Technology 


Table 20. Thermal Resistance 
for SPGA Packages 


Heatsink Height 
9JC 
9CA (OClWatt)vs. Laminar Airflow (linear ftlmin) 


(inches) 
("ClWatt) 
0 
100 
200 
400 
600 
800 


0.25 
0.9 
9.2 
8.1 
6.7 
4.6 
3.7 
3.1 


0.35 
0.9 
8.9 
7.6 
6.1 
4.1 
3.4 
2.9 


0.45 
0.9 
8.5 
7.1 
5.4 
3.7 
3.0 
2.6 


0.55 
0.9 
8.2 
6.6 
4.8 
3.3 
2.7 
2.4 


0.65 
0.9 
7.8 
6.1 
4.4 
3.1 
2.5 
2.2 


,0.80 
0.9 
7.1 
5.4 
4.0 
2.9 
2.3 
2.1 


1.00 
0.9 
6.4 
4.8 
3.7 
2.7 
2.2 
1.9 


1.20 
0.9 
6.0 
4.4 
3.4 
2.5 
2.1 
1.9 


1.40 
0.9 
5.5 
4.0 
3.1 
2.3 
2.0 
1.8 


Without Heatsink 
1.4 
14.4 
13.4 
12.1 , 
9.7 
8.0 
7.0 


NOTES: 


Heatsinks 
are omni directional 
pin aluminum 
alloy. 


Features 
were based on standard 
extrusion 
practices 
for a given height: 


Pin size ranged 
from 50 to 129 mils 


Pin spacing 
ranged from 93 to 175 mils 


Based thickness 
ranged 
from 79 to 200 mils 


Heatsink 
attach was 0.005' 
of thermal 
grease. 


Attach 
thickness 
of 0.002' 
will improve 
performance 
approximately 
0.3"C/Watt. 
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Figure 15. Thermal Resistance vs. Heatsink Height, SPGA Packages 
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0.65 
0.4 
7.5 
5.8 
4.1 
2.8 
2.2 
1.9 


0.80 
0.4 
6.8 
5.1 
3.7 
2.6 
2.0 
1.8 


1.00 
0.4 
6.1 
4.5 
3.4 
2.4 
1.9 
1.6 


1.20 
0.4 
5.7 
4.1 
3.1 
2.2 
1.8 
1.6 


1.40 
0.4 
5.2 
3.7 
2.8 
2.0 
1.7 
1.5 


None 
1.2 
12.9 
12.2 
11.2 
7.7 
6.3 
5.4 


NOTES: 


Heatsinks 
are omni directional 
pin aluminum 
alloy. 


Features 
were based on standard 
extrusion 
practices 
for a given 
height: 


Pin size ranged from 50 to 129 mils 


Pin spacing 
ranged from 93 to 175 mils 


Based thickness 
ranged 
from 79 to 200 mils 


Heatsink 
attach was 0.005' 
of thermal 
grease. 


Attach 
thickness 
of 0.002' 
will improve 
performance 
approximately 
0.3·ClWatt. 


• 
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Figure 16. Thermal Resistance vs. Heatslnk Height, PPGA Packages 
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PENTIUM® PROCESSORS WITH VOLTAGE REDUCTION 
TECHNOLOGY 


Max. Operating 
Frequency 
75 MHz 
100 MHz 
120 MHz 
133 MHz 
150 MHz 


iCOMP® 
Index 2.0 Rating 
67 
90 
100 
111 
114 


Note: Contact Intel Corporation for more inf?rmation about iCOMP® Index 2.0 ratings. 
• 
Compatible 
with Large Software 
Base 
• 
IEEE 1149.1 Boundary 
Scan 
- 
MS-DOS*, 
Windows*, 
OS/2*, 
UNIX* 
• 
Internal 
Error Detection 
Features 
• 
32-Bit CPU with 64-Bit Data Bus 
• 
SL Enhanced 
Power Management 
• 
Superscalar 
Architecture 
Features 


Two Pipelined 
Integer Units Are 
- 
System 
Management 
Mode 
Capable 
of 2 InstructionslClock 
- 
Clock Control 
Pipelined 
Floating 
Point Unit 
• 
Voltage 
Reduction 
Technology 
• 
Separate 
Code and Data Caches 
2.9V V cc for core supply 
- 
8K Code, 8K Writeback 
Data 
(75/90/100/120/133 
MHz) 
- 
MESI Cache 
Protocol 
3.1V V cc for core supply 


• 
Advanced 
Design Features 
(150 MHz) 
- 
Branch Prediction 
3.3V V cc for 110 buffer supply 


- 
Virtual 
Mode Extensions 
• 
Fractional 
Bus Operation 
• 
Low Voltage 
BiCMOS 
Silicon 
75-MHz 
Core 1 50-MHz 
Bus 


Technology 
100-MHz 
Core 1 66-MHz 
Bus 
120-MHz 
Core 1 60-MHz 
Bus 
• 
4M Pages for Increased 
TLB Hit Rate 
133-MHz 
Core 1 66-MHz 
Bus 
150-MHz 
Core 1 60-MHz 
Bus 


The Pentium® processor 
is fully compatible with the entire installed base of applications for DOS", Windows", OS/2", and 
UNIX", and all other software that runs on any earlier Intel 8086 family product. The Pentium processor's superscalar 
architecture can execute two instructions per clock cycle. Branch prediction and separate caches also increase performance. 
The pipelined floating-point unit delivers workstation level performance. Separate code and data caches reduce cache conflicts 
while remaining software transparent. The Pentium processor with voltage reduction technology has 3.3 million transistors. It is 
built on Intel's advanced low voltage BiCMOS silicon technology, and has full SL Enhanced power management features, 
including System Management Mode (SMM) and clock control. The additional SL Enhanced features, 2.9V (3.1V for 150 MHz) 
core operation along with 3.3V I/O buffer operation, and the option of the TCP, which are not available in the desktop version of 
the Pentium processor, make the Pentium processor with voltage reduction technology ideal for enabling mobile Pentium 
processor designs. The Pentium processor may contain design defects or errors known as errata. Current characterized 
errata are available upon request. 


August 
1996 
Order 
Number. 
242557-005 
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1.0. 
INTRODUCTION 


Intel is manufacturing 
a reduced 
power version of the 


latest 
Pentium® 
processor, 
the 
Pentium 
processor 


with 
voltage 
reduction 
technology, 
targeting 
the 
mobile 
market. 
Voltage 
reduction 
technology 
allows 


the processor 
to "talk" to industry 
standard 
3.3-volt 
components 
while 
its 
inner 
core, 
operating 
at 


2.9 volts (current 
150-MHz 
processors 
inner core is 
3.1 volts, with plans to have a 2.9 volt version 
in the 


future), 
consumes 
less power 
to promote 
a longer 


battery 
life. 
The 
Pentium 
processor 
with 
voltage 


reduction 
technology 
is offered 
in the Tape 
Carrier 
Package 
(TCP) 
and the Staggered 
Pin. Grid Array 


(SPGA) 
package. 
It has all the advanced 
features 
of 


the 3.3V Pentium 
except for the differences 
listed in 
sections 3.1 and 7.1.1. 


The 
Pentium 
processor 
with 
voltage 
reduction 


technology 
has 
several 
features 
which 
allow 
high- 


performance 
notebooks 
to 
be 
designed 
with 
the 


Pentium processor, 
including the following: 


• 
TCP 
dimensions 
are ideal 
for small 
form-factor 
designs. 


• 
TCP 
has 
superior 
thermal 
resistance 
characteristics. 


• 
2.9V (3.1V for 150 MHz) core and 3.3V I/O buffer 
Vcc 
inputs 
reduce 
power 
consumption 


significantly, 
while 
maintaining 
3.3V compatibility 
extemally. 


• 
The SL Enhanced 
feature 
set, which was initially 
implemented 
in the Intel486™ 
CPU. 


The architecture 
and intemal features 
of the Pentium 


processor 
with 
voltage 
reduction 
technology 
are 


identical 
to 
the 
desktop 
version 
of 
the 
Pentium 


processor 
specifications 
provided 
in the 
Pentium® 
Processor 
Family 
Developer's 
Manual, 
Volume 
1: 


Pentium® 
Processors., 
except 
several 
features 
not 


used in mobile applications 
have been eliminated 
to 


streamline 
it for mobile applications. 


This 
document 
should 
be used .in conjunction 
with 


the following 
related Pentium processor 
documents. 


• 
Pentium® Processor 
Family Developer's 
Manual, 
Volume 
1: Pentium® Processors 
(Order Number: 


241428) 
• 
Pentium® Processor 
Family Developer's 
Manual, 


Volume 
3: 
Architecture 
and 
Programming 
Manual (Order Number: 241430) 
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2.0. 
MICROPROCESSOR 
ARCHITECTURE OVERVIEW 


The 
Pentium 
processor 
with 
voltage 
reduction 
technology 
extends 
the 
Intel 
Pentium 
family 
of 


microprocessors. 
It is compatible 
with a host of other 
Intel products. 


The 
Pentium 
processor 
family 
consists' 
of 
the 


Pentium processor 
with voltage reduction 
technology 
described 
in 
this 
document, 
the 
original 
mobile 


Pentium 
processor 
and the various 
desktop 
Pentium 


processors. 
"Pentium 
processor" 
will be used in this 


document 
to refer to the 
entire 
Pentium 
processor 


family in general. 


The 
mobile 
Pentium 
processor 
family 
architecture 
contains 
all 
of 
the 
features 
of 
the 
Intel486 
CPU 
family, 
and 
provides 
significant 
enhancements 
and 


additions including the following: 


• 
Superscalar 
Architecture 


• 
Dynamic 
Branch Prediction 


• 
. Pipelined Floating-Point 
Unit 


• 
Improved 
Instruction 
Execution 
Time 


• 
Separate 
8K Code and 8K Data Caches 


• 
Writeback 
MESI Protocol in the Data Cache 


• 
64-Bit Data Bus 


• 
Bus Cycle Pipelining 


• 
Address 
Parity 


• 
Internal Parity Checking 


• 
Execution 
Tracing 


• 
Performance 
Monitoring 


• 
IEEE 1149.1 Boundary 
Scan 


• 
System Management 
Mode 


• 
Virtual Mode Extensions 


• 
Voltage Reduction 
Technology 


• 
SL Power Management 
Features 
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2.1. 
Mobile Pentium ® Processor 
Family Architecture 


The 
application 
instruction 
set 
of 
the 
Pentium 
processor 
family includes the complete 
Intel486 CPU 
family 
instruction 
set 
with 
extensions 
to 
accommodate 
some of the additional 
functionality 
of 
the 
Pentium 
processors. 
All 
application 
software 
written 
for 
the 
Intel386 
and 
Intel486 
family 
microprocessors 
will run on the Pentium 
processors 
without 
modification. 
The 
on-chip 
memory 
management 
unit 
(MMU) 
is completely 
compatible 
with the Intel386 family and Intel486 family of CPUs. 


The 
Pentium 
processors 
implement 
several 
enhancements 
to 
increase 
performance. 
The 
two 
instruction 
pipelines 
and 
floating-point 
unit 
on 
Pentium 
processors 
are 
capable 
of 
independent 
operation. 
Each 
pipeline 
issues 
frequently 
used 
instructions 
in 
a single 
clock. 
Together, 
the 
dual 
pipes can issue two integer instructions 
in one cloc~, 
or 
one 
floating 
point 
instruction 
(under 
certain 
circumstances, 
two floating-point 
instructions) 
in one 
clock. 


Branch 
prediction 
is implemented 
in the 
Pentium 
processors. 
To 
support 
this, 
Pentium 
processors 
implement 
two prefetch 
buffers, one to prefetch code 
in a linear 
fashion, 
and 
one 
that 
prefetches 
code 
according 
to the Branch 
Target 
Buffer (BTB) so the 
needed code is almost always prefetched 
before it is 
needed for execution. 


The 
floating-point' 
unit 
has 
been 
completely 
redesigned 
over the Intel486 CPU. Faster algorithms 
provide 
up to 10X speed-up 
for common 
operations 
including add, multiply and load. 


Pentium 
processors 
include 
separate 
code and data 
caches 
integrated 
on-chip 
to 
meet 
performance 
goals. Each cache is 8 Kbytes in size, with a 32-byte 
line size and is 2-way 
set associative. 
Each cache 
has a dedicated 
Translation 
Lookaside 
Buffer (TLB) 
to translate 
linear addresses 
to physical 
addresses. 


The data cache is configurable 
to be writeback 
or 


writethrough 
on a line-by-line 
basis and follows 
the 
MESI protocol. 
The data cache tags are triple ported 
to support two data transfers 
and an inquire cycle in 
the 
same 
clock. 
The 
code 
cache 
is an inherently 
write-protected 
cache. The code cache tags are also 
triple 
ported 
to 
support 
snooping 
and 
split 
line 
accesses. 
Individual 
pages 
can 
be 
configured 
as 
cacheable 
or 
non-cacheable 
by 
software 
or 
hardware. 
The caches can be enabled or disabled 
by 
software or hardware. 


The 
Pentium 
processors 
have 
increased 
the 
data 
bus to 64 bits to improve the data transfer 
rate. Burst 
read and burst write back cycles are supported 
by the 
Pentium 
processors. 
In addition, 
bus cycle pipelining 
has been 
added 
to allow 
two 
bus cycles 
to be in 
progress 
simultaneously. 
The 
Pentium 
processors' 
MMU contains optional extensions 
to the architecture 
which allow 2-Mbyte and 4-Mbyte 
page sizes. 


The Pentium processors 
have added significant 
data 
integrity 
and 
error 
detection 
capability. 
Data 
par!ty 
checking 
is still supported 
on a byte-by-byte 
baSIS. 


Address 
parity checking 
and internal 
parity checking 
features 
have 
been 
added 
along 
with 
a 
new 
exception, 
the machine check exception. 


As more and more functions 
are integrated 
on chip, 
the complexity 
of board level testing is increased. 
To 
address this, the Pentium processors 
have increased 
test and debug 
capability. 
The Pentium 
processors 
implement 
IEEE Boundary 
Scan (Standard 
1149.1). 


In addition, 
the 
Pentium 
processors 
have 
specified 
four breakpoint 
pins that correspond 
to each of the 
debug 
registers 
and externally 
indicate 
a breakpoint 
match. 
Execution 
tracing 
provides 
external 
indications 
when 
an 
instruction 
has 
completed 
execution 
in either 
of the two internal 
pipelines, 
or 
when a branch has been taken. 


System 
Management 
Mode 
(SMM) 
has 
been 
implemented 
along with some extensions 
to the SMM 
architecture. 
Enhancements 
to the virtual 8086 mode 
have 
been 
made 
to 
increase 
performance 
by 
reducing 
the number of times it is necessary 
to trap 
to a virtual 8086 monitor. 
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Figure 
1. Pentium ® Processor 
Block Diagram 
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Figure 
1 shows 
a block 
diawam 
of the 
Pentium 
processor. 


The 
block 
diagram 
shows 
the 
two 
instruction 
pipelines, 
the "u" pipe and "v" pipe. The u-pipe 
can 
execute all integer and floating point instructions. 
The 
v-pipe 
can execute 
simple 
integer 
instructions 
and 
the FXCH 
floating-point 
instructions. 


The separate 
caches are shown, the code cache and 
data cache. 
The data cache 
has two ports, one for 
each of the two pipes (the tags are triple 
ported to 
allow 
simultaneous 
inquire 
cycles). 
The data cache 
has a dedicated 
Translation 
Lookaside 
Buffer (TLB) 
to 
translate 
linear 
addresses 
to 
the 
physical 
addresses 
used by the data cache. 


The 
code 
cache, 
branch 
target 
buffer 
and prefetch 
buffers 
are responsible 
for getting 
raw instructions 
into the 
execution 
units 
of the 
Pentium 
processor. 


Instructions 
are fetched 
from the code cache or from 
the external bus. Branch addresses 
are remembered 
by the 
branch 
target 
buffer. 
The 
code 
cache 
TLB 
translates 
linear 
addresses 
to 
physical 
addresses 
used by the code cache. 


The decode 
unit decodes 
the prefetched 
instructions 
so 
the 
Pentium 
processor 
can 
execute 
the 
instruction. 
The control ROM contains 
the microcode 
which controls 
the sequence 
of operations 
that must 
be performed 
to implement 
the 
Pentium 
processor 
architecture. 
The control ROM unit has direct control 
over both pipelines. 


The Pentium 
processors 
contain a pipelined 
floating- 
point 
unit 
that 
provides 
a significant 
floating-point 
performance 
advantage 
over previous 
generations 
of 
processors. 


The architectural 
features 
introduced 
in this section 
are more fully described 
in the Pentium® Processor 
Family Developer's 
Manual, Volume 3. 


3.0. 
TCP PINOUT 


3.1. 
Pentium ® Processor 
with 
Voltage Reduction Technology 
Differences 
from the SPGA 
3.3V Pentium 
Processor 


To better streamline 
the part for mobile applications, 


the following features have been eliminated 
from the 
TCP and SPGA Pentium processor 
with voltage 
reduction 
technology: 
Upgrade, 
Dual Processing 
(DP), APIC and Master/Checker 
functional 
redundancy. 
Table 1 lists the corresponding 
pins 
which exist on the SPGA 3.3V Pentium processor 
but have been removed on the TCP and SPGA 
Pentium processor 
with voltage reduction 
technology. 
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Table 
1. 
Signals Removed 
in Pentium 
® Processor 
with Voltage 
Reduction 
Technology 


Signal 
Function 


ADSC# 
Additional 
Address 
Status. This signal is mainly used for large or standalone 
L2 


cache memory 
subsystem 
support required for high-performance 
desktop or server 
models. 


BRDYC# 
Additional 
Burst Ready. This signal is mainly used for large or stand alone L2 cache 
memory subsystem 
support required for high-performance 
desktop or server 


,. 
models. 


CPUTYP 
CPU Type. This signal is used for dual processing 
systems. 


D/P# 
Dual/Primary 
processor 
identification. 
This signal is only used for an upgrade 
processor. 


FRCMC# 
Functional 
Redundancy 
Checking. 
This signal is only used for error detection 
via 


processor 
redundancy, 
and requires two Pentium"' processors 
(master/checker). 


PBGNT# 
Private Bus Grant. This signal is only used for dual processing 
systems. 


PBREQ# 
Private Bus Request. 
This signal is used only for dual processing 
systems. 


PHIT# 
Private Hit. This signal is only used for dual processing 
systems. 


PHITM# 
Private Modified 
Hit. This signal is only used for dual processing 
systems. 


PICCLK 
APIC Clock. This signal is the APIC interrupt controller 
serial data bus clock. 


PICDO 
APIC's Programmable 
Interrupt Controller 
Data line O. PICDO shares a pin with 


[DPEN#) 
DPEN# (Dual Processing 
Enable). 


PICD1 
APIC's 
Programmable 
Interrupt Controller 
Data line 1. PICD1 shares a pin with 


[APICEN) 


APICEN 
(APIC Enable (on RESET)). 
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3.2. 
TCP Pinout and Pin Descriptions 


3.2.1. 
re= 
PENTlUM ® PROCESSOR 
PINour 


infel~ 


~~---------------i? 


I· 
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Figure 
2. rcp Pentium 
® Processor 
Pinout 
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3.2.2. 
TCP 
PENTIUM 
® PROCESSOR 
PIN CROSS 
REFERENCE 


Table 2. TCP 
Pin Cross Reference by Pin Name 


\ 
Address 


A3 
219 
A9 
234 
A15 
251 
A21 
200 
A27 
208 


A4 
222 
A10 
237 
A16 
254 
A22 
201 
A28 
211 


A5 
223 
A11 
238 
A17 
255 
A23 
202 
A29 
212 


A6 
227 
A12 
242 
A18 
259 
A24 
205 
A30 
213 


A7 
228 
A13 
245 
A19 
262 
A25 
206 
A31 
214 


A8 
231 
A14 
248 
A20 
265 
A26 
207 


Oata 
~ 


00 
152 
013 
132 
026 
107 
039 
87 
052 
62 


01 
151 
014 
131 
027 
106 
040 
83 
053 
61 


02 
150 
015 
128 
028 
105 
041 
82 
054 
56 


03 
149 
016 
126 
029 
102 
042 
81 
055 
55 


04 
146 
017 
125 
030 
101 
043 
78 
056 
53 


05 
145 
018 
122 
031 
100 
044 
77 
057 
48 


06 
144 
019 
121 
032 
96 
045 
76 
058 
47. 


07 
143 
020 
120 
033 
95 
046 
75 
059 
46 


08 
139 
021 
119 
034 
94 
047 
72 
060 
45 


09 
138 
022 
116 
035 
93 
048 
70 
061 
40 


010 
137 
023 
115 
036 
90 
049 
69 
062 
39 


011 
134 
024 
113 
037 
89 
050 
64 
063 
38 


012 
133 
025 
108 
038 
88 
051 
63 


• 
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Control 


A20M# 
286 
BREQ 
312 
HITM# 
293 
PM1/BP1 
29 


ADS# 
296 
BUSCHK# 
288 
HlDA 
311 
PRDY 
318 


AHOlD 
14 
CACHE# 
21 
HOLD 
4 
PWT 
299 


AP 
308 
D/C# 
298 
IERR# 
34 
R/S# 
198 


APCHK# 
315 
DPO 
140 
IGNNE# 
193 
RESET 
270 


BEO# 
285 
DP1 
127 
INIT 
192 
SCYC 
273 


BE1# 
284 
DP2 
114 
INTR/LlNTO 
197 
SMI# 
196 


BE2# 
283 
DP3 
99 
INV 
15 
SMIACT# 
319 


BE3# 
282 
DP4 
84 
KEN# 
13 
TCK 
161 


BE4# 
279 
DP5 
71 
lOCK# 
303 
TDI 
163 


BE5# 
278 
DP6 
54 
M/IO# 
22 
TOO 
162 


BE6# 
277 
DP7 
37 
NA# 
8 
TMS 
164 


BE7# 
276 
EADS# 
297 
NMI/LlNT1 
199 
TRST# 
167 


BOFF# 
9 
EWBE# 
16 
PCD 
300 
W/R# 
289 


BP2 
28 
FERR# 
31 
PCHK# 
316 
WBIWT# 
5 


BP3 
25 
FlUSH# 
287 
PEN# 
191 


BRDY# 
10 
HIT# 
292 
PMO/BPO 
30 


ClockControl 


" 


BFO 
186 
ClK 
272 


BF1 
185 
STPClK# 
181 


Table2 
TCP PinCrossReferenceby PinName (Contd.) 
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Vcc2* 


1 
111 
183 
257 


6 
153 
188 
260 


11 
157 
190 
266 


17 
165 
195 
268 


27 
168 
217 
304 


33 
170 
225 
309 


41 
172 
232 
317 


49 
174 
240 


57 
177 
243 


65 
180 
249 


Vcc3** 


2 
91 
178 
258 


19 
97 
204 
264 


23 
103 
210 
275 


35 
109 
216 
281 


43 
117 
221 
291 


51 
123 
226 
295 


59 
129 
230 
301 


67 
135 
236 
306 


73 
141 
241 
313 


79 
147 
247 


85 
160 
253 


Table 2 
TCP Pin Cross Reference 
by Pin Name (Contd ) 


NOTE: 


• 
These Vcc2 
pins are 2.9V (3.1V for 150 MHz) 
inputs for the TCP Pentiurn" 
processor 
with voltage 
reduction 
technology. 
but 
may change 
to a different 
voltage 
on future offerings 
of this microprocessor 
family . 


•• All VCC3 pins will remain at 3.3V power inputs for the TCP Pentium 
processor. 
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Vss 


3 
50 
104 
166 
209 
250 
302 


7 
52 
110 
169 
215 
252 
305 


12 
58 
112 
171 
218 
256 
307 


18 
60 
118 
173 
220 
261 
310 


20 
66 
124 
176 
224 
263 
314 


24 
68 
130 
179 
229 
267 
320 


26 
74 
136 
182 
233 
269 


32 
80 
142 
187 
235 
274 


, 


36 
86 
148 
189 
239 
280 


42 
92 
154 
194 
244 
290 


44 
98 
159 
203 
246 
294 


NC 


155 
156 
158 
175 
184 
271 


Table 2. TCP Pin Cross Reference 
by Pin Name (Contd.) 
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Pin # 
Signal 
Pin # 
Signal 
Pin # 
Signal 
Pin # 
Signal 
• 


1 
VCC2 
41 
VCC2 
81 
042 
121 
019 


2 
VCC3 
42 
VSS 
82 
041 
122 
018 


3 
VSS 
43 
VCC3 
83 
040 
123 
VCC3 


4 
HOLO 
44 
VSS 
84 
OP4 
124 
VSS 


5 
WBfWT# 
45 
060 
85 
VCC3 
125 
017 


6 
VCC2 
46 
059 
86 
VSS 
126 
016 


7 
VSS 
47 
058 
87 
039 
127 
OPl 


8 
NA# 
48 
057 
88 
038 
128 
015 


9 
BOFF# 
49 
VCC2 
89 
037 
129 
VCC3 


10 
BROY# 
50 
VSS 
90 
036 
130 
VSS 


11 
VCC2 
51 
VCC3 
91 
VCC3 
131 
014 


12 
VSS 
52 
VSS 
92 
VSS 
132 
013 


13 
KEN# 
53 
056 
93 
035 
133 
012 


14 
AHOLO 
54 
OP6 
94 
034 
134 
011 


15 
INV 
55 
055 
95 
033 
135 
VCC3 


16 
EWBE# 
56 
054 
96 
032 
136 
VSS 


17 
VCC2 
57 
VCC2 
97 
VCC3 
137 
010 


18 
VSS 
58 
VSS 
98 
VSS 
138 
09 


19 
VCC3 
59 
VCC3 
99 
OP3 
139 
08 


20 
VSS 
60 
VSS 
100 
031 
140 
OPO 


21 
CACHE# 
61 
053 
101 
030 
141 
VCC3 


22 
MIIO# 
62 
052 
102 
029 
142 
VSS 


23 
VCC3 
63 
051 
103 
VCC3 
143 
07 


24 
VSS 
64 
050 
104 
VSS 
144 
06 


25 
BP3 
65 
VCC2 
105 
028 
145 
05 


26 
VSS 
66 
VSS 
106 
027 
146 
04 


27 
VCC2 
67 
VCC3 
107 
026 
147 
VCC3 


28 
BP2 
68 
VSS 
108 
025 
148 
VSS 


29 
PM1/BPl 
69 
049 
109 
VCC3 
149 
03 


30 
PMO/BPO 
70 
048 
110 
VSS 
150 
02 
31 
FERR# 
71 
OP5 
111 
VCC2 
151 
01 


32 
VSS 
72 
047 
112 
VSS 
152 
00 


33 
VCC2 
73 
VCC3 
113 
024 
153 
VCC2 
34 
IERR# 
74 
VSS 
114 
OP2 
154 
VSS 
.' 


35 
VCC3 
75 
046 
115 
023 
155 
NC 


36 
VSS 
76 
045 
116 
022 
156 
NC 
37 
OP7 
77 
044 
117 
VCC3 
157 
VCC2 
38 
063 
78 
043 
118 
VSS 
158 
NC 
39 
062 
79 
VCC3 
119 
021 
159 
VSS 
40 
061 
80 
VSS 
120 
020 
160 
VCC3 


Table 3 
TCP Pin Cross Reference 
by Pin Number 
(Pins 1-160) 
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Pin # 
Signal 
Pin # 
Signal 
Pin # 
Signal 
Pin # 
Signal 


161 
TCK 
201 
A22 
241 
VCC3 
281 
VCC3 
162 
TOO 
202 
A23 
242 
A12 
282 
BE3# 
163 
TDI 
203 
VSS 
243 
VCC2 
283 
BE2# 
164 
TMS 
204 
VCC3 
244 
VSS 
284 
BE1# 
165 
VCC2 
205 
A24 
245 
A13 
285 
BEO# 
166 
VSS 
206 
A25 
246 
VSS 
286 
A20M# 
167 
TRST# 
207 
A26 
247 
VCC3 
287 
FlUSH# 
168 
VCC2 
208 
A27 
248 
A14 
288 
BUSCHK# 
169 
VSS 
209 
VSS 
249 
VCC2 
289 
W/R# 
170 
VCC2 
210 
VCC3 
250 
VSS 
290 
VSS 
171 
VSS 
211 
A28 
251 
A15 
291 
VCC3 
172 
VCC2 
212 
A29 
252 
VSS 
292 
HIT# 
173 
VSS 
213 
A30 
253 
VCC3 
293 
HITM# 
174 
VCC2 
214 
A31 
254 
A16 
294 
VSS 
175 
NC 
215 
VSS 
255 
A17 
295 
VCC3 
176 
VSS 
216 
VCC3 
256 
VSS 
296 
ADS# 
177 
VCC2 
217 
VCC2 
257 
VCC2 
297 
EADS# 
178 
VCC3 
218 
VSS 
258 
VCC3 
298 
D/C# 
179 
VSS 
219 
A3 
259 
A18 
299 
PWT 
180 
VCC2 
220 
VSS 
260 
VCC2 
300 
PCD 
181 
STPClK# 
221 
VCC3 
261 
VSS 
301 
VCC3 
182 
VSS 
222 
A4 
262 
A19 
302 
VSS 
183 
VCC2 
223 
A5 
263 
VSS 
303 
lOCK# 
184 
NC 
224 
VSS 
264 
VCC3 
304 
VCC2 
185 
BFl 
225 
VCC2 
265 
A20 
305 
VSS 
186 
BFO 
226 
VCC3 
266 
VCC2 
306 
VCC3 
187 
VSS 
227 
A6 
267 
VSS 
307 
VSS 
188 
VCC2 
228 
A7 
268 
VCC2 
308 
AP 
189 
VSS 
229 
VSS 
269 
VSS 
309 
VCC2 
190 
VCC2 
230 
VCC3 
270 
RESET 
310 
VSS 
191 
PEN# 
231 
A8 
271 
NC 
311 
HlDA 
192 
INIT 
232 
VCC2 
272 
ClK 
312 
BREQ 
193 
IGNNE# 
233 
VSS 
273 
SCYC 
313 
VCC3 
194 
VSS 
234 
A9 
274 
VSS 
314 
VSS 
195 
VCC2 
235 
VSS 
275 
VCC3 
315 
APCHK# 
196 
SMI# 
236 
VCC3 
276 
BE7# 
316 
PCHK# 
197 
INTR 
237 
Al0 
277 
BE6# 
317 
VCC2 
198 
RlS# 
238 
All 
278 
BE5# 
318 
PRDY 
199 
NMI 
239 
VSS 
279 
BE4# 
319 
SMIACT# 
200 
A21 
240 
VCC2 
280 
VSS 
320 
VSS 


Table 3 
TCP Pin Cross Reference 
by Pin Number 
(Pins 161-320) 
(Contd ) 


NOTES: 


1.VCC2 pinsare2.9V(3.1Vfor150MHz) powerinputstothecore. 
2. VCC3 pinsare3.3Vpowerinputstothecore. 


2-134 
1998 PentiurrfB> Processor 
Databook 


.intet 
Pentium@ Processors 
with Voltage Reduction 
Technology 


3.3. 
Design Notes 


For reliable operation, always connect unused inputs 
to an appropriate signal level. Unused active low 
inputs should be connected to Vcc3. Unused active 
HIGH inputs should be connected to GND (Vss)· 


No Connect (NC) pins must remain unconnected. 
Connection of NC pins may result, in component 
failure or incompatibilitywith processor steppings. 


3.4. 
Quick Pin Reference 


This section gives a brief functional description of 
each of the pins. For a detailed description, see the 


1998 PentiurrfJ Proc~ssor Databook 


"Hardware 
Interface" 
chapter 
in 
the 
Pentium® 
Processor Family Developer's Manual, Volume 1. 


NOTE 


All 
input 
pins 
must 
meet 
their 
AC/DC 
specifications to guarantee proper functional 
behavior. 


The # symbol at the end of a signal name indicates 
that the active or asserted state occurs when the , 
signal is at a low voltage. When a # symbol is not 
present after the signal name, the signal is active, or 
asserted at the high voltage level. 


The pins are classified as Input or Output based on 
their 
function 
in 
Master 
Mode. 
See 
the 
Error 
Detection chapter of the Pentium®Processor Family 
Developer's 
Manual, 
Volume 
1: 
Pentium® 
Processors, for further information. 


\ 
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Table 4. 
Quick Pin Reference 


Symbol 
Type 
Name and Function 


A20M# 
I 
When the address bit 20 mask 
pin is asserted, the Pentium" 
processor 
emulates 
the 
address wraparound 
at 1 Mbyte which occurs on the 8086. Whe.n A20M# 
is asserted, 


the processor 
masks physical address bit 20 (A20) before performing 
a lookup to the 
internal caches or driving a memory cycle on the bus. The effect of A20M# is 
undefined 
in protected 
mode. A20M# must be asserted only when the processor 
is in 
real mode. 


A31-A3 
1/0 
As outputs, the address 
lines of the processor 
along with the byte enables define the 
physical area of memory 
or 1/0 accessed. 
The extemal 
system drives the inquire 
address to the processor 
on A31-A5. 


ADS# 
0 
The address status 
indicates 
that a new valid bus cycle is currently 
being driven by 
the processor. 


AHOLD 
I 
In response to the assertion 
of address hold, 
the processor 
will stop driving the 
address lines (A31-A3), 
and AP in the next clock. The rest of the bus will remain 
active so data can be returned or driven for previously 
issued bus cycles. 


AP 
1/0 
Address 
parity 
is driven by the processor 
with even parity information 
on all 
processor 
generated 
cycles in the same clock that the address 
is driven, 
Even parity 
must be driven back to the processor 
during inquire cycles on this pin in the same 
clock as EADS# to ensure that correct parity check status is indicated. 


APCHK# 
0 
The address parity check 
status pin is asserted two clocks after EADS# is sampled 
active if the processor 
has detected 
a parity error on the address bus during inquire 
cycles. APCHK# 
will remain active for one clock each time a parity error is detected. 


BE7#-BE5# 
0 
The byte enable 
pins are used to determine 
which bytes must be written to external 
BE4#-BEO# 
110 
memory, or which bytes were requested 
by the CPU for the current cycle. The byte 
enables are driven in the same clock as the address lines (A31-3). 


BF[1:0] 
I 
Bus Frequency 
determines 
the bus-to-core 
ratio. BF[1 :0] is sampled 
at RESET, and 
cannot be changed 
until another non-warm 
(1 ms) assertion of RESET. Additionally, 


BF[1 :0] must not change values while RESET is active. 


See Table 5 for Bus Frequency 
Selections. 


BOFF# 
I 
The backoff 
input is used to abort all outstanding 
bus cycles that have not yet 
completed. 
In response 
to BOFF#, the processor will float all pins normally floated 
during bus hold in the next clock. The processor 
remains in bus hold until BOFF# is 
, 
negated, 
at which time the Pentium processor 
restarts the aborted bus cycle(s) in 
their entirety. 


BP[3:2] 
0 
The breakpoint 
pins (BP3-0) correspond 
to the debug registers, 
DR3-DRO. These 


PM/BP[1:0] 
pins externally 
indicate a breakpoint 
match when the debug registers are 
programmed 
to test for breakpoint 
matches. 


BP1 and BPO are multiplexed 
with the performance 
monitoring 
pins (PM1 and PMO). 


The PB1 and PBO bits in the Debug Mode Control Register determine 
if the pins are 
configured 
as breakpoint 
or performance 
monitoring 
pins. The pins come out of 
RESET confiqured 
for performance 
monitoring. 
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Symbol 
Type 
Name and Function 


BROY# 
I 
The burst ready 
input indicates that the external system has presented 
valid data 
on the data pins in response to a read or that the external system has accepted the 
processor 
data in response 
to a write request. This signal is sampled 
in the T2, T12 


and T2P bus states. 


BREQ 
0 
The bus request 
output indicates to the external system that the processor 
has 
internally generated 
a bus request. This signal is always driven whether or not the 
processor 
is driving its bus. 


BUSCHK# 
I 
The bus check 
input allows the system to signal an unsuccessful 
completion 
of a 


bus cycle. If this pin is sampled active, the processor 
will latch the address and 
control signals in the machine check registers. 
If, in addition, the MCE bit in CR4 is 
set, the processor 
will vector to the machine 
check exception. 


CACHE# 
0 
For processor-initiated 
cycles, the cache pin indicates 
intemal cacheability 
of the 
cycle (if a read), and indicates a burst writeback 
cycle (if a write). If this pin is driven 


inactive during a read cycle, the processor 
will not cache the retumed 
data, 


regardless 
of the state of the KEN# pin. This pin is also used to determine 
the cycle 
length (number of transfers 
in the cycle). 


CLK 
I 
The clock input provides the fundamental 
timing for the processor. 
Its frequency 
is 
the operating 
frequency 
of the processor 
external bus and requires TTL levels. All 


external timing parameters 
except TOI, TOO, TMS, TRST# and PICOO-1 are 
specified with respect to the rising edge of CLK. 


NOTE: 


It is recommended 
that CLK begin 150 ms after Vcc reaches its proper operating 
level. This recommendation 
is only to assure the long term reliability of the device. 


O/C# 
0 
The data/code 
output is one of the primary bus cycle definition 
pins. It is driven 
valid in the same clock as the AOS# signal is asserted. 
O/C# distinguishes 
between 


data and code or special cycles. 


063-00 
I/O 
These are the 64 data lines for the processor. 
lines 
07-00 
define the least 


significant 
byte of the data bus; lines 063-056 
define the most significant 
byte of the 


data bus. When the CPU is driving the data lines, they are driven during the T2, T12 
or T2P clocks for that cycle. During reads, the CPU samples 
the data bus when 


BROY# is returned. 


OP7-0PO 
I/O 
These are the data parity 
pins for the processor. 
There is one for each byte of the 


data bus. They are driven by the processor 
with even parity information 
on writes in 


the same clock as write data. Even parity information 
must be driven back to the 


Pentium processor 
with voltage reduction technology 
on these pins in the same 
clock as the data to ensure that the correct parity check status is indicated 
by the 


processor. 
OP7 applies to 063-056; 
OPO applies to 07-00. 


EAOS# 
I 
This signal indicates that a valid external address 
has been driven onto the 


processor 
address pins to be used for an inquire cycle. 


Table 4. 
Quick Pin Reference 
(Contd.) 
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Symbol 
Type 
Name and Function 


EWBE# 
I 
The external write buffer empty 
input, when inactive (high), indicates that a write 
cycle is pending in1he external system. When the processor 
generates 
a write and 
EWBE# is sampled 
inactive, the processor 
will hold off all subsequent 
writes to all 
E- or M-state lines in the data cache until all write cycles have completed, 
as 
indicated 
by EWBE# being active. 


FERR# 
0 
The floating point error 
pin is driven active when an unmasked 
floating point error 
occurs. FERR# is similar to the ERROR# 
pin on the Intel387TM 
math coprocessor. 


FERR# is included for compatibility 
with systems 
using DOS-type 
floating point 
error reporting. 


FLUSH# 
I 
When asserted, 
the cache flush 
input forces the processor 
to write back all 
modified 
lines in the data cache and invalidate 
its internal caches. A Flush 
Acknowledge 
special cyde will be generated 
by the processor 
indicating 
completion 
of the writeback 
and invalidation. 


NOTE: 


If FLUSH# 
is sampled 
low when RESET transitions 
from high to low, tristate test 
mode is entered. 


HIT# 
0 
The hit indication 
is driven to reflect the outcome of an inquire cyde. 
If an inquire 
cyde 
hits a valid line in either the data or instruction 
cache, this pin is asserted two 
clocks after EADS# is sampled 
asserted. 
If the inquire cycle misses the cache, this 
pin is negated two docks 
after EADS#. This pin changes 
its value only as a result 
of an inquire cyde and retains its value between the cycles. 


HITM# 
0 
The hit to a modified 
line 
output is driven to reflect the outcome of an inquire cyde. 


It is asserted after inquire cydes which resulted in a hit to a modified line in the data 
cache. It is used to inhibit another bus master from accessing the data until the line 
is completely 
written back. 


HLDA 
0 
The bus hold acknowledge 
pin goes active in response to a hold request driven to 
the processor 
on the HOLD pin. It indicates that the processor 
has floated most of 


the output pins and relinquished 
the bus to another local bus master. When leaving 
bus hold, HLDA will be driven inactive and the processor 
will resume driving the 
bus. If the processor 
has a bus cycle pending, 
it will be driven in the same dock 
that HLDA is de-asserted. 


HOLD 
I 
In response to the bus hold request, 
the processor will float most of its output and 
input/output 
pins and assert HLDA after completing 
all outstanding 
bus cydes. 
The 
processor 
will maintain its bus in this state until HOLD is de-asserted. 
HOLD is not 
recognized 
during LOCK cydes. 
The processor 
will recognize 
HOLD during reset. 


IERR# 
0 
The internal 
error 
pin is used to indicate internal parity errors. If a parity error 


occurs on a read from an internal array, the processor 
will assert the IERR# pin for 
one dock and then shutdown. 


Table 4. 
Quick Pin Reference 
(Contd.) 
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Symbol 
Type 
Name and Function 


IGNNE# 
I 
This is the ignore numeric error 
input. This pin has no effect when the NE bit in 


CRO is set to 1. When the CRO.NE bit is 0, and the IGNNE# pin is asserted, 
the 


processor 
will ignore any pending unmasked 
numeric exception 
and continue 


executing floating-point 
instructions 
for the entire duration that this pin is asserted. 


When the CRO.NE bit is 0, IGNNE# is not asserted, 
a pending unmasked 
numeric 
exception 
exists (SWES = 1), and the floating-point 
instruction 
is one of FINIT, 


FCLEX, FSTENV, 
FSAVE, FSTSW, 
FSTCW, 
FENI, FDISI, or FSETPM, 
the 


processor 
will execute the instruction 
in spite of the pending exception. 
When the 


CRO.NE bit is 0, IGNNE# is not asserted, 
a pending unmasked 
numeric exception 
exists (SWES = 1), and the floating-point 
instruction 
is one other than FIN IT, 


FCLEX, FSTENV, 
FSAVE, FSTSW, 
FSTCW, FENI, FDISI, or FSETPM, 
the 


processor 
will stop execution 
and wait for an extemal 
interrupt. 


INIT 
I 
The processor 
initialization 
input pin forces the processor to begin execution 
in a 


known state. The processor 
state after INIT is the same as the state after RESET 
except that the' internal caches, write buffers, and floating point registers 
retain the 
values they had prior to INIT. INIT may NOT be used in lieu of RESET after power 
up. 


If INIT is sampled 
high when RESET transitions 
from high to low, the processor 
will 
perform built-in self test prior to the start of program execution. 


INTR 
I 
An active maskable 
interrupt 
input indicates that an external interrupt has been 


generated,. If the IF bit in the EFLAGS register is set. the processor 
will generate 
two locked interrupt acknowledge 
bus cycles and vector to an interrupt 
handler after 


the current instruction 
execution 
is completed. 
INTR must remain active until the 


first interrupt acknowledge 
cycle is generated 
to assure that the interrupt is 
recognized. 


INV 
I 
The invalidation 
input determines 
the final cache line state (S or I) in case of an 
inquire cycle hit. It is sampled together with the address for the inquire cycle in the 
clock EADS# is sampled 
active. 


KEN# 
I 
The cache enable 
pin is used to determine 
whether the current cycle is cacheable 


or not and is consequently 
used to determine 
cycle length. When the processor 


generates 
a cycle that can be cached (CACHE# 
asserted) 
and KEN# is active, the 
cycle will be transformed 
into a burst line fill cycle. 


LOCK# 
0 
The bus lock pin indicates that the current bus cycle is locked. The processor 
will 
not allow a bus hold when LOCK# is asserted (but AHOLD 
and BOFF# are 


allowed). 
LOCK# goes active in the first clock of the first locked bus cycle and goes 


, 
inactive after the BRDY# is returned for the last locked bus cycle. LOCK# is 
guaranteed 
to be de-asserted 
for at least one clock between 
back-to-back-locked 


cycles. 


MIIO# 
0 
The memory/input-output 
is one of the primary bus cycle definition 
pins. It is driven 


valid in the same clock as the ADS# signal is asserted. 
MIIO# distinguishes 
between 
memory and I/O cycles. 
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Symbol 
Type 
Name and Function 


NA# 
I 
An active next address 
input indicates that the external memory system is ready to 
accept a new bus cycle although 
all data transfers 
for the current cycle have not yet 
completed. 
The processor 
will issue ADS# for a pending cycle two clocks after NA# 
is asserted. 
The processor 
supports 
up to two outstanding 
bus cycles. 


NMI 
I 
The non-maskable 
interrupt 
request signal indicates that an extemal 
non- 


maskable 
interrupt has been generated. 


PCD 
0 
The page cache disable 
pin reflects the state of the PCD bit in CR3; Page 
Directory 
Entry or Page Table Entry. The purpose of PCD is to provide an extemal 


cacheability 
indication 
on a page-by-page 
basis. 


PCHK# 
0 
The parity check 
output indicates the result of a parity check on a data read. It is 


driven with parity status two clocks after BRDY# is returned. 
PCHK# remains low 


one clock for each clock in which a parity error was detected. 
Parity is checked 
only 


for the bytes on which valid data is returned. 


PEN# 
I 
The parity enable 
input (along with CR4.MCE) 
determines 
whether 
a machine 


check exception will be taken as a result of a data parity error on a read cycle. If 
this pin is sampled 
active in the clock, a data parity error is detected. 
The processor 


will latch the address and control signals of the cycle with the parity error in the 
machine check registers. 
If, in addition, the machine check enable bit in CR4 is set 


to "1", the processor 
will vector to the machine 
check exception 
before the 
beginning 
of the next instruction. 


PM/BP[1:0] 
0 
These pins function as part of the performance 
monitoring 
feature. 


The breakpoint 
1-0 pins are multiplexed 
with the performance 
monitoring 
1 -0 pins. 
The PB1 and PBO bits in the Debug Mode Control Register determine 
if the pins are 


configured 
as breakpoint 
or performance 
monitoring 
pins. The pins come out of 
RESET configured 
for performance 
monitoring. 


PRDY 
0 
The probe ready 
output pin indicates that the processor 
has stopped normal 


execution 
in response to the RlS# pin going active or Probe Mode being entered. 


PWT 
0 
The page writethrough 
pin reflects the state of the PWT bit in CR3, the page 


directory 
entry, or the page table entry. The PWT pin is used to provide an external 
write back indication on a page-by-page 
basis. 


RlS# 
I 
The run I stop 
input is an asynchronous, 
edge-sensitive 
interrupt used to stop the 


normal execution of the processor 
and place it into an idle state. A high to low 


transition 
on the RlS# pin will interrupt the processor 
and cause it to stop execution 
at the next instruction 
boundary. 


RESET 
I 
RESET 
forces the processor 
to begin execution 
at a known state. All the processor 
intemal caches will be invalidated 
upon the RESET. Modified lines in the data cache 


are not written back. FLUSH# 
and INIT are sampled when RESET transitions 
from 


high to low to determine 
if tristate test mode will be entered or if BIST will be run. 


SCYC 
0 
The split cycle 
output is asserted during misaligned 
LOCKed transfers 
to indicate 


that more than two cycles will be locked together. This signal is defined for locked 
cycles onlyIt 
is undefined 
for cycles which are not locked. 


Table 4 
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Symbol 
Type 
Name and Function 


SMI# 
I 
The system management 
interrupt 
causes a system management 
interrupt 


.request 
to be latched internally. When the latched SMI# is recognized 
on an 
instruction 
boundary, the processor 
enters System Management 
Mode. 


SMIACT# 
0 
An active system management 
interrupt active 
output indicates that the processor 
is operating 
in System Management 
Mode. 


STPCLK# 
I 
Assertion 
of the stop clock 
input signifies a request to stop the internal clock of the 
Pentium processor 
with voltage reduction technology 
thereby causing the core to 


- 
consume 
less power. When the CPU recognizes 
STPCLK#, 
the processor 
will stop 
execution 
on the next instruction 
boundary, 
unless superseded 
by a higher priority 
interrupt, and generate 
a Stop Grant Acknowledge 
cycle. When STPCLK# 
is 
asserted, the processor 
will still respond to external snoop requests. 


TCK 
I 
The testability 
clock 
input provides the clocking function for the processor 
boundary 
scan in accordance 
with the IEEE Boundary 
Scan interface 
(Standard 
1149.1). It is used to clock state information 
and data into and out of the processor 
during boundary 
scan. 


TOI 
I 
The test data input 
is a serial input for the test logic. TAP instructions 
and data are 
shifted into the processor 
on the TOI pin on the rising edge of TCK when the TAP 
controller 
is in an appropriate 
state. 


TOO 
0 
The test data output 
is a serial output of the test logic. TAP instructions 
and data 
are shifted out of the processor 
on the TOO pin on TCK's falling edge when the TAP 
controller 
is in an appropriate 
state. 


TMS 
I 
The value of the test mode select 
input signal sampled 
at the rising edge of TCK 
controls the sequence 
of TAP controller state changes. 


TRST# 
I 
When asserted, the test reset 
input allows the TAP controller 
to be asynchronously 
initialized. 


Vcc2 
I 
These pins are the 2.9V (3.1 V for 150 MHz) power inputs to the Pentium processor 
with voltage reduction technology. 


Vcc3 
I 
These pins are the 3.3V power inputs to the Pentium processor with voltage 
reduction technology. 


Vss 
I 
These pins are the ground inputs to the Pentium processor with voltage reduction 
technology. 


W/R# 
0 
Write/read 
is one of the primary bus cycle definition 
pins. It is driven valid in the 
same clock as the AOS# signal is asserted. 
W/R# distinguishes 
between write and 
read cycles. 


WBIWT# 
I 
The writebacklwritethrough 
input allows a data cache line to be defined as 
writeback 
or writethrough 
on a line-by-line 
basis. As a result, it determines 
whether 
a cache line is initially in the S or E state in the data cache. 
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Table 
5. 
Bus Frequency 
Selections 


Pentiurn ® Processor 
Core 
External 
Bus 
Frequency 
(rnax) 
Frequency 
(rnax) 
Bus/Core 
Ratio 
BF1 
BFO 


150 MHz 
60MHz 
/ 
2/5 
0 
0 


133 MHz 
66 MHz 
1/2 
1 
0 


120 MHz 
60MHz 
1/2 
1 
0 


100 MHz 
66 MHz 
2/3" 
1 
1 


90MHz 
60MHz 
2/3 
1 
1 


75MHz 
50MHz 
2/3 
1 
1 


NOTE: 


Default 
setting 
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3.5. 
Pin Reference 
Tables 


Table 
6. 
Output Pins 


Name 
Active Level 
When Floated 


AOS# 
Low 
, 
Bus Hold, BOFF# 


APCHK# 
c 
Low 


BE7#-BE5# 
Low 
Bus Hold, BOFF# 


BREQ 
High 


CACHE# 
Low 
Bus Hold, BOFF# 


FERR# 
Low 


HIT# 
Low 


HITM# 
Low 
, 


HLOA 
High 


IERR# 
Low 


LOCK# 
Low 
Bus Hold, BOFF# 


MIIO#, O/C#, W/R# 
n/a 
Bus Hold, BOFF# 
, 


PCHK# 
Low 


BP3-2, PM1/BP1, 
PMO/BPO 
High 


PROY 
High 


PWT, PCO 
High 
Bus Hold, BOFF# 


SCYC 
High 
Bus Hold, BOFF# 


SMIACT# 
Low 


TOO 
n/a 
All states except Shift-OR and Shift-IR 


NOTE: 


All output 
and input/output 
pins are floated 
during tristate 
test mode (except 
TOO). 
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Table 7 
Input Pins 
. 
; 


Synchronous/ 
Name 
Active Level 
Asynchronous 
Internal resistor 
Qualified 


A20M# 
Low 
Asynchronous 


AHOLD 
High 
Synchronous 


BF[1:0] 
High 
Synchronous/RESET 
Pullup 


BOFF# 
Low 
Synchronous 


BRDY# 
Low 
Synchronous 
Pullup 
Bus State T2. T12. T2P 


BUSCHK# 
Low 
Synchronous 
Pullup 
BRDY# 


CLK 
n/a 


EADS# 
Low 
Synchronous 
, 


EWBE# 
Low 
Synchronous 
BRDY# 
.. 


FLUSH# 
Low 
Asynchronous 
,I' 


HOLD 
High 
Synchronous 


IGNNE# 
Low 
Asynchronous 


INIT 
High 
Asynchronous 


INTR 
High 
Asynchronous 


INV 
High 
Synchronous 
EADS# 


KEN# 
Low 
Synchronous 
First BRDY#/NA# 


NA# 
Low 
Synchronous 
Bus State T2.TD.T2P 


NMI 
High 
Asynchronous 


PEN# 
Low 
Synchronous 
BRDY# 


-. 


RlS# 
n/a 
Asynchronous 
Pullup 


RESET 
High 
Asynchronous 


SMI# 
Low 
Asynchronous 
Pullup 
-, 


STPCLK# 
Low 
Asynchronous 
Pullup 


TCK 
n/a 
Pullup 


TOI 
n/a 
Synchronous/TCK 
Pullup 
TCK 


TMS 
n/a 
Synchronous/TCK 
Pullup 
TCK 


TRST# 
Low 
Asynchronous 
Pull up 


WB!WT# 
n/a 
Synchronous 
First BRDY#/NA# 
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'Table 
8, 
Input/Output 
Pins 


Active 
Qualified 
Name 
Level 
When Floated 
(when an input) 
Internal Resistor 


A31-A3 
nla 
Address 
Hold, Bus Hold, BOFF# 
EAOS# 


AP 
nla 
Address 
Hold, Bus Hold, BOFF# 
EAOS# 


BE4#-BEO# 
Low 
Bus Hold, BOFF# 
RESET 
Pulldown* 


063-00 
nla 
Bus Hold, BOFF# 
BROY# 


OP7-OPO 
nla 
Bus Hold, BOFF# 
BROY# 


NOTES: 


All output and inpuVoutput 
pins are floated during tristate test mode (except 
TDO), 


*BE3#-BEO# 
have pulldowns 
during RESET only. 
- 
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3.6. 
Pin GroupingAccordingto Function 


Table 9 organizes 
the pins with respect to their function. 


Table 9. 
Pin Functional 
Grouping 


Function 
Pins 


Clock 
ClK 


Initialization 
RESET, INIT, BF[1 :0] 


Address 
Bus 
A31-A3, 
BE7# - BEO# 
. 
1 
. 


Address 
Mask 
A20M# 


Data Bus 
063-00 
.. 
.. 


Address 
Parity 
AP, APCHK# 


Data Parity 
DP7-DPO, PCHK#, 
PEN# 


Internal Parity Error 
IERR# 


System Error 
BUSCHK# 


Bus Cycle Definition 
M/IO#, D/C#, W/R#, CACHE#, 
SCYC, lOCK# 


Bus Control 
ADS#, BRDY#, 
NA# 


Page Cacheability 
PCD, PWT 


Cache Control 
KEN#, WBIWT# 


Cache Snooping/Consistency 
AHOlD, 
EADS#, HIT#, HITM#, INV 


Cache Flush 
FLUSH# 


Write Ordering 
EWBE# 


Bus Arbitration 
BOFF#,BREQ,HOlD,HlDA 


Interrupts 
INTR, NMI 


Floating Point Error Reporting 
FERR#, IGNNE# 


System Management 
Mode 
SMI#, SMIACT# 


TAP Port 
TCK, TMS, TDI, TOO, TRST# 


Breakpoint/Performance 
Monitoring 
PMO/BPO, PM1/BP1, 
BP3-2 


Clock Control 
STPClK# 


Probe Mode 
RlS#, PRDY 
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4.0. 
TCP PENTIUM 
® PROCESSOR 
ELECTRICAL 
SPECIFICATIONS 


4.1. 
Maximum Ratings 


The 
following 
values 
are 
stress 
ratings 
only. 
Functional 
operation 
at the maximum 
ratings 
is not 


implied 
nor 
guaranteed. 
Functional 
operating 
conditions 
are given in the AC and DC specification 


tables. 


Extended 
exposure 
to 
the 
maximum 
ratings 
may 


affect 
device 
reliability. 
Furthermore, 
although 
the 
Pentium 
processor 
with voltage reduction 
technology 


contains 
protective 
circuitry 
to resist 
damage 
from 
static electric 
discharge, 
always 
take precautions 
to 
avoid high static voltages or electric fields. 


Case temperature 
under bias : 
-65°C 
to 110°C 


Storage temperature 
-65°C 
to 150°C 


3V Supply voltage 
with respect to Vss 
-O.5V to +4.6V 


2.9V Supply voltage 
with respect to Vss 
-0.5V 
to +4.1V 


3V Only Buffer DC Input 
Voltage 
-O.5V to Vcc3 
+0.5; not to exceed 4.6V 
(2) 


5V Safe Buffer 
DC Input Voltage 
-O.5V to 6.5V 
(1.3) 


NOTES: 


1. 
Applies 
to ClK. 


2. 
Applies 
to all Pentium 
processors 
with voltage 
reduction 
technology 
inputs except ClK. 


3. 
See Table 
11. 
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WARNING 


Stressing 
the 
device 
beyond 
the 
"Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These 
are 
stress 
ratings 
only. 


Operation 
beyond 
the "Operating 
Conditions" 


is not recommended 
and extended 
exposure 
beyond the "Operating 
Conditions" 
may affect 
device reliability. 


4.2. 
DC Specifications 


Tables 
10, 11 and 12 list the DC specifications 
which 
apply 
to the 
TCP 
Pentium 
processor 
with 
voltage 
reduction 
technology. 
The 
Pentium 
processor 
with 
voltage 
reduction 
technology 
core operates 
at 2.9V 
(3.1V for 150 MHz) internally 
while the I/O interface 
operates 
at 3.3V. The CLK input may be 3.3V or 5V. 


Since 
the 
3.3V 
(5V 
safe) 
input 
levels 
defined 
in 
Table 11 are the same as the 5V TTL levels, the CLK 
input 
is compatible 
with 
existing 
5V clock 
drivers. 


The 
power 
dissipation 
specification 
in Table 13 is 
provided 
for 
design 
of 
thermal 
solutions 
during 
operation 
in a sustained 
maximum 
level. This is the 
worst-case 
power 
the 
device 
would 
dissipate 
in a 
system for a sustained 
period of time. This number is 
used for design of a thermal solution for the device. 


4.2.1. 
POWER 
SEQUENCING 


There is no specific 
sequence 
required 
for powering 
up or 
powering 
down 
the 
Vcc2 
and 
Vcc3 
power 
supplies. 
However, 
for 
compatibility 
with 
future 
mobile processors, 
it is recommended 
that the Vcc2 
and Vcc3 
power supplies 
be either 
both on or both 
off within one second of each other. 
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Table 
10. 
3.3V DC Specifications 


TeAsE = 0 to 95°C; Vee2 = 2.9V (3.1V for 150 MHz) ±165mV; 
Vee3 = 3.3V ±165mV 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


VIL3 
Input Low Voltage 
-0.3 
0.8 
V 
TTL Level (3) 


VIH3 
Input High Voltage 
2.0 
Vee3+O.3 
V 
TTL Level (3) 


VoL3 
Output Low Voltage 
0.4 
V 
TTL Level (1) (3) 


VoH3 
Output High Voltage 
2.4 
V 
TTL Level (2) (3) 


lee2 
Power Supply Current from 
1565 
mA 
@75MHz(4) 
2.9V (3.1V for 150 MHz) 
2085 
mA 
@100 MHz (4) (5) 
core supply 
2500 
mA 
@120MHz(4) 
2775 
mA 
@133 MHz (4) 
3350 
mA 
@150 MHz (4) 


lee3 
Power Supply Current from 
270 
mA 
@75MHz(4) 
3.3V I/O buffer supply 
355 
mA 
@100 MHz (4) (5) 
320 
mA 
@120MHz(4) 
355 
mA 
@133 MHz (4) 


320 
mA 
@150MHz(4) 


NOTES: 


1. 
Parameter 
measured 
at 4 mA. 


2. 
Parameter 
measured 
at 3 mA. 


3. 
3.3V TIL 
levels apply to all signals 
except ClK. 


4. 
This value should 
be used for power supply design. 
It was determined 
using a worst-case 
instruction 
mix and 


Vcc+165mV. 
Power supply transient 
response 
and decoupling 
capacitors 
must be sufficient 
to handle the instantaneous 


current 
changes 
occurring 
during transitions 
from stop clock to full active modes. 
For more information, 
refer to section 
4.3.2. 


5. 
Refer to document 
242973 
for previous 
process 
specification. 


Table 
11. 
3.3V (5V Safe) DC Specifications 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


V1L5 
Input Low Voltage 
-0.3 
0.8 
V 
TTL Level (1) 


VIH5 
Input High Voltage 
2.0 
5.55 
V 
TTL Level (1) 


NOTE: 


1. 
Applies 
to ClK only. 
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Table 
12. 
Input and Output Characteristics' 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


CIN 
Input Capacitance 
15 
pF 
(4) 


Co 
Output Capacitance 
20 
pF 
(4) 


CIIO 
I/O Capacitance 
25 
pF 
(4) 


CCLK 
ClK 
Input Capacitance 
15 
pF 
(4J 


CTIN 
Test Input Capacitance 
15 
pF 
(4) 


CTOUT 
Test Output Capacitance 
20 
pF 
(4) 


CTCK 
Test Clock Capacitance 
15 
pF 
(4) 


III 
Input leakage 
Current 
±15 
!lA 
0< VIN < Vcc3 (1) 


ILO 
Output leakage 
Current 
±15 
!lA 
0< VIN < Vcc3 (1) 


IIH 
Input leakage 
Current 
200 
!lA 
VIN = 2.4V (3) 


IlL 
Input leakage 
Current 
-400 
!lA 
VIN = O.4V (2) 


NOTES: 


1. 
This parameter 
is for input without 
pull up or pull down. 


2. 
This parameter 
is for input with pull up. 


3. 
This parameter 
is for input with pull down. 


4. 
Guaranteed 
by design. 
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Table 
13. 
Power Dissipation 
Requirements 
for Thermal 
Design 


Parameter 
Typical 
(1) 
Max(2) 
Unit 
Notes 


Thermal 
Design Power (7) 
4.4 
Watts 
@75MHz(6) 
5.9 
Watts 
@100MHz(6) 
7.1 
Watts 
@120 MHz (5) 
7.9 
Watts 
@133 Mt;tz 
10.0 
Watts 
@150 MHz 


Active Power (8) 
I 
1.7--2.3 
N/A 
Watts 
@75MHz(6) 


1: 
2.0--3.0 
Watts 
@100 MHz (6) 


2.5--3.5 
Watts 
@120 MHz (5) 
3.0--4.0 
Watts 
@133 MHz 
3.8--5.0 
Watts 
@150MHz 


Stop Grant I Auto Halt Power 
0.8 
Watts 
@75MHz(3) 


, 
1.2 
Watts 
@100 MHz (3) 


I 
1.2 
Watts 
@120 MHz (3) 
1.3 
Watts 
@133 MHz (3) 
1.4 
Watts 
@150 MHz (3) 


Stop Clock Power 
.02 
0.05 
Watts 
(4) 


NOTES: 


1. 
This is the typical 
power dissipation 
in a system. 
This value was the average 
value measured 
in a system 
using a typical 
device at Vcc2 = 2.9V (3.1V for 150 MHz) and VCCc3 = 3.3V running 
typical applications. 
This value is highly dependent 
upon the specific 
system 
configuration. 
Typical 
power specifications 
are not tested. 


2. 
Systems 
must be designed 
to thermally 
dissipate 
the maximum 
active power dissipation. 
It is determined 
using a worst- 


case instruction 
mix with Vcc2 
= 2.9V (3.1V for 150 MHz) and Vcc3 
= 3.3V. The use of nominal 
VCC in this measurement 
takes into account 
the thermal 
time constant 
of the package. 


3. 
Stop GranVAuto 
Halt Powerdown 
Power 
Dissipation 
is determined 
by asserting 
the STPClK# 
pin or executing 
the HALT 


instruction. 


4. 
Stop Clock Power Dissipation 
is determined 
by asserting 
the STPClK# 
pin and then removing 
the external 
ClK 
input. 


5. 
The lower power number 
is due to a process 
improvement. 


6. 
Refer to document 
242973 
for previous 
process 
specification. 


7. 
Thermal 
Design 
Power is the maximum 
power dissipation 
under normal operating 
conditions 
at nominal 
Vcc2 
worst case 


temperature, 
while executing 
the worst case powerinstruction 
mix. 


8. 
Active 
Power is the average 
power measured 
in a system 
using a typical 
device 
running 
typical 
applications 
under normal 


operating 
conditions 
at nominal vcc and room temperature. 
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4.3. 
AC Specifications 


The AC specifications 
of the TCP Pentium processor 
with 
voltage 
reduction 
technology 
consist 
of setup 
times, 
hold times, and valid delays 
at 0 pF. All TCP 
Pentium 
processor 
with voltage reduction 
technology 


. AC specifications 
are valid for Vcc2 = 2.9V (3.1V for 
150 MHz) ±165mV, 
Vcc3 = 3.3V ±165mV 
and Tcase 
= 0 to 95°C. 


4.3.1. 
POWER 
AND GROUND 


For 
clean 
on-chip 
power 
distribution, 
the 
TCP 
Pentium 
processor 
with voltage 
reduction 
technology 
has 37 Vcc2 
(2.9V 
power), 
42 Vcc3 
(3.3V 
power) 
and 
72 
Vss 
(ground) 
inputs. 
Power 
and 
ground 
connections 
must be made to all extemal Vcc2, Vcc3 
and Vss pins of the Pentium 
processor 
with voltage 
reduction 
technology. 
On the circuit 
board 
all Vcc2 
pins 
must 
be connected 
to a 2.9V VCC2 
plane 
(or 
island) 
and all Vcc3 
pins 
must 
be connected 
to a 
3.3V Vcc3 
plane. All Vss pins must be connected 
to 
a Vss 
plane. 
Please 
refer to Table 
2 for the list of 
Vcc2, Vcc3 and Vss pins. 


4.3.2. 
DECOUPLlNG 
RECOMMENDATIONS 


Transient 
power surges 
can occur 
as the processor 
is executing 
instruction 
sequences 
or driving 
large 
loads. 
To mitigate 
these 
high frequency 
transients, 
liberal 
high frequency 
decoupling 
capacitors 
should 
be placed near the processor. 


low 
inductance 
capacitors 
and 
interconnects 
are 
recommended 
for best high frequency 
electrical 


performance. 
Inductance 
can 
be 
reduced 
by 
shortening 
circuit 
board 
traces 
between 
the 
processor 
and 
decoupling 
capacitors 
as much 
as 
possible. 


These 
capacitors 
should 
be 
evenly 
distributed 
around 
each component 
on the 3.3V plane and the 
2.9V (3.1V for 150 MHz) plane (or island). Capacitor 
values 
should 
be chosen 
to ensure 
they 
eliminate 
both low and high frequency 
noise components. 


Power transients 
also occur as the processor 
rapidly 
transitions 
from a low level of power consumption 
to 
a much higher level (or high to low power). A typical 
example would be entering 
or exiting the Stop Grant 
state. Another 
example 
would 
be executing 
a HALT 
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instruction, 
causing 
the processor 
to enter the Auto 
HALT Powerdown 
state, or transitioning 
from HALT 
to the Normal state. All of these examples 
may cause 
abrupt changes 
in the power being consumed 
by the 
processor. 
Note 
that 
the 
Auto 
HALT 
Powerdown 
feature 
is always 
enabled 
even 
when 
other 
power 


management 
features are not implemented . 


Bulk storage 
capacitors 
with 
a low ESR 
(Effective 
Series 
Resistance) 
in the 
10 to 
100 uf range 
are 
required 
to 
maintain 
a 
regulated 
supply 
voltage 
during the interval between 
the time the current load 
changes 
and 
the 
point 
that 
the 
regulated 
power 
supply 
output 
can 
react 
to the 
change 
in load. 
In 
order 
to reduce 
the 
ESR, 
it may 
be necessary 
to 
place several bulk storage capacitors 
in parallel. 


These 
capacitors 
should 
be 
placed 
near 
the 
processor 
(on the 3.3V plane and the 2.9V (3.1V for 
150 
MHz) 
plane 
(or island» 
to 
ensure 
that 
these 
supply 
voltages 
stay 
within 
specified 
limits 
during 
changes in the supply current during operation. 


For more detailed 
information, 
please contact Intel or 


refer 
to 
the 
PentiumQ!) Processor 
with 
Voltage 
Reduction 
Technology: 
Power 
Supply 
Design 
Considerations 
for Mobile 
Systems 
application 
note 
(Order Number 242558). 


4.3.3. 
CONNECTION 
SPECIFICATIONS 


All NC pins must remain unconnected. 


For reliable operation, 
always connect 
unused 
inputs 
to 
an 
appropriate 
signal 
level. 
Unused 
active 
low 
inputs should 
be connected 
to Vcc3. 
Unused 
active 
high inputs should be connected 
to ground. 


4.3.4. 
AC TIMINGS 
FOR A 50-MHz 
BUS 


The AC specifications 
given 
in Table 
14 consist 
of 
output 
delays, 
input 
setup 
requirements 
and 
input 
hold requirements 
for a 50-MHz 
external 
bus. All AC 
specifications 
(with 
the 
exception 
of those 
for the 
TAP signals) 
are relative 
to the rising 
edge 
of the 
ClK 
input. 


All timings are referenced 
to 1.5V for both "0" and "1" 


logic 
levels 
unless 
otherwise 
specified. 
Within 
the 
sampling 
window, 
a 
synchronous 
input 
must 
be 
stable for correct operation. 
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Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


Frequency 
25.0 
50.0 
MHz 


t1a 
ClK 
Period 
20.0 
40.0 
nS 
3 


t1b 
ClK 
Period Stability 
±250 
pS 
(1),(19) 


t2 
ClK 
High Time 
4.0 
nS 
3 
@2V,(1) 


t3 
ClK 
low 
Time 
4.0 
nS 
3 
@0.8V, (1) 


4 
ClK 
Fall Time 
0.15 
1.5 
nS 
3 
(2.0V-O.8V), 
(1), (5) 


ts 
ClK 
Rise Time 
0.15 
1.5 
nS 
3 
(0.8V-2.0V), 
(1),(5) 


Isa 
ADS#, PWT, PCD, BEO-7#, M/IO#, 
1.0 
7.0 
nS 
4 
(22) 
D/C#, CACHE#, 
SCYC, W/R# 
Valid Delay 


Isb 
AP Valid Delay 
1.0 
8.5 
nS 
4 
(22) 


Ise 
A3-A31, 
lOCK# 
Valid Delay 
1.1 
7.0 
nS 
4 
(22) 


t7 
ADS#, AP, A3-A31, 
PWT, =co. 
10.0 
nS 
5 
(1), (22) 
BEO-7#, M/IO#, D/C#, W/R#, 
CACHE#, 
SCYC, lOCK# 
Float 
Delay 
. 


., 


t8 
APCHK#, 
IERR#, FERR#, 
PCHK# 
1.0 
8.3 
nS 
4 
(4), (22) 
Valid Delay 


t9a 
BREQ, HlDA, 
SMIACT# 
Valid 
1.0 
8.0 
nS 
4 
(4), (22) 
Delay 


t10a 
HIT# Valid Delay 
1.0 
8.0 
nS 
4 
(22) 


t10b 
HITM# Valid Delay 
1.1 
6.6 
nS 
4 
(22) 


t11a 
PMO-1, BPO-3 Valid Delay 
1.0 
10.0 
nS 
4 
(22) 


t11b 
PRDY Valid Delay 
1.0 
8.0 
nS 
4 
(22) 


t12 
DO-D63, DPO-7 Write Data Valid 
1.3 
8.5 
nS 
4 
(22) 
Delay 


t13 
DO-D63, DPO-3 Write Data Float 
10.0 
nS 
5 
(1) 
Delay 


Table 
14. 
TCP Pentium® 
Processor 
with Voltage 
Reduction 
Technology 
AC Specifications 
for 50-MHz 
Bus Operation 


Vcc2 = 2.9V ±165mV, 
Vcc3 = 3.3V ±165mV, 
TeASE = O°C to 95°C, CL = 0 pF 
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Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


t14 
A5-A31 Setup Time 
6.5 
nS 
6 
(20) 


t15 
A5-A31 
Hold Time 


, 


1.0 
nS 
6 


t16a 
INV, AP Setup Time 
I 
5.0 
nS 
6 


t16b 
EADS# Setup Time 
6.0 
nS 
6 


t17 
EADS#, INV, AP Hold Time 
1.0 
nS 
6 


t18a 
KEN# Setup Time 
5.0 
nS 
6 


t18b 
Nf\#, WB/WT# 
Setup Time 
4.5 
-, 
nS 
6 


t19 
KEN#, WB/WT#, 
NA# Hold Time 
1.0 
nS 
6 


t20 
BRDY# Setup Time 
5.0 
nS 
6 


t21 
BRDY# Hold Time 
1.0 
nS 
6 


t22 
BOFF# Setup Time 
! 
5.5 
nS 
6 
I 


t22a 
AHOLD 
Setup Time 
6.0 
nS 
6 


t23 
AHOLD, 
BOFF# Hold Time 
1.0 
nS 
6 


t24 
BUSCHK#, 
EWBE#, 
HOLD, PEN# 
5.0 
nS 
6 
Setup Time 


t25 
BUSCHK#, 
EWBE#, 
PEN# Hold 
1.0 
nS 
6 
Time 


t25a 
HOLD Hold Time 
1.5 
nS 
6 


t26 
A20M#, 
INTR, STPCLK# 
Setup 
5.0 
nS 
6 
(11),(15) 
Time 


t27 
A20M#, 
INTR, STPCLK# 
Hold 
1.0 
nS 
6 
(12) 
Time 


t28 
INIT, FLUSH#, 
NMI, SMI#, 
5.0 
nS 
6 
(11), (15), (16) 
IGNNE# Setup Time 


Table 14. TCP Pentium 
I!il Processor 
with Voltage 
Reduction 
Technology 
AC Specifications 
for 50-MHz 
Bus Operation 
(Contd.) 


Vcc2 = 2.9V ±165mV, 
Vcc3 = 3.3V ±165mV, 
TeAsE = O°C to 95°C, CL = 0 pF 
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Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


t29 
INIT, FlUSH#, 
NMI, SMI#, 
1.0 
nS 
6 
(12) 
IGNNE# Hold Time 


t30 
INIT, FlUSH#, 
NMI. SMI#, 
2.0 
ClKs 
6 
(14), (16) 
IGNNE# 
Pulse Width, Async 


t31 
RlS# Setup Time 
5.0 
nS 
6 
(11), (15), (16) 


t32 
RlS# Hold Time 
1.0 
nS 
6 
(12) 


t33 
RlS# Pulse Width, Async. 
2.0 
ClKs 
6 
(14), (16) 


t34 
00-063, 
OPO-7 Read Oata Setup 
3.8 
nS 
6 
Time 


t35 
00-063, 
OPO-7 Read Oata Hold 
1.5 
nS 
6 
Time 


t36 
RESET Setup Time 
5.0 
nS 
7 
(11), (15) 


t37 
RESET Hold Time 
1.0 
nS 
7 
(12) 


t38 
RESET Pulse Width, Vcc & ClK 
15 
ClKs 
7 
(16) 


Stable 


t39 
RESET Active After Vcc & ClK 
1.0 
mS 
7 
Power up 
Stable 


40 
Reset Configuration 
Signals (INIT, 
5.0 
nS 
7 
(11), (15), (16) 
FlUSH#) 
Setup Time 


41 
Reset Configuration 
Signals (INIT, 
1.0 
nS 
7 
(12) 


FlUSH#) 
Hold Time 


42a 
Reset Configuration 
Signals (IN IT, 
2.0 
ClKs 
7 
To RESET falling 
FlUSH#) 
Setup Time, Async. 
edge (15) 


t42b 
Reset Configuration 
Signals (INIT, 
2.0 
ClKs 
7 
To RESET falling 
FlUSH#, 
BROY#, BUSCHK#) 
edge (21) 


Hold Time, Async. 


42c 
Reset Configuration 
Signal 
3.0 
ClKs 
7 
To RESET Jailing 
(BROY#, BUSCHK#) 
Setup Time, 
edge (21) 


Async. 


42d 
Reset Configuration 
Signal BROY# 
1.0 
nS 
To RESET falling 
Hold Time, RESET driven 
edge (1), (21) 


synchronously 


Table 14. 
TCP Pentium 
ill> Processor 
with Voltage 
Reduction 
Technology 
AC Specifications 
for 50-MHz 
Bus Operation 
(Contd.) 


Vcc2 = 2.9V ±165mV, Vcc3 = 3.3V ±165mV, 
TeASE = O°C to 95°C, CL = 0 pF 
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Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


43a 
BF[1 :0] Setup Time 
1.0 
mS 
7 
(18) to RESET 
falling edge 


43b 
BF[1 :0] Hold Time 
2.0 
ClKs 
7 
(18) to RESET 
falling edge 


43c 
BE4# Setup Time 
2.0 
ClKs 
7 
To RESET falling 
edge 


43d 
BE4# Hold Time 
2.0 
ClKs 
7 
To RESET falling 
edge 


44 
TCK Frequency 
- 
16.0 
MHz 


4S 
TCK Period 
62.5 
nS 
3 


46 
TCK High Time 
.~ 
25.0 
nS 
3 
@2V,(1) 


47 
TCK low 
Time 
25.0 
nS 
3 
@0.8V, (1) 


48 
TCK Fall Time 
5.0 
nS 
3 
(2.0V-O.8V), 
(1), 


;, 
(8), (9) 


49 
TCK Rise Time 
5.0 
nS 
3 
(0.8V-2.0V), 
(1), 


(8), (9) 


tso 
TRST# Pulse Width 
40.0 
nS 
9 
(1), Asynchronous 


tS1 
TDI, TMS Setup Time 
5.0 
nS 
8 
(7) 


tS2 
TDI, TMS Hold Time 
13.0 
nS 
8 
(7) 


tS3 
TOO Valid Delay 
- 
3.0 
20.0 
nS 
8 
(8) 


t54 
TOO Float Delay 
25.0 
nS 
8 
(1), (8) 


tss 
All Non-Test 
Outputs Valid Delay 
3.0 
20.0 
nS 
8 
(3), (8), (10) 


tS6 
All Non-Test 
Outputs Float Delay 
25.0 
nS 
8 
(1), (3), (8), (10) 


tS7 
All Non-Test 
Inputs Setup Time 
5.0 
nS 
8 
(3), (7., (10) 


tS8 
All Non-Test 
Inputs Hold Time 
13.0 
nS 
8 
(3), (7), (10) 


Table 14. 
TCP 
Pentium 
ifi) Processor 
with Voltage 
Reduction 
Technology 
AC Specifications 
for 50-MHz 
Bus Operation 
(Contd.) 


Vcc2 = 2.9V ±165mV, Vcc3 = 3.3V ±165mV, 
TeASE = O°C to 95°C, CL = 0 pF 
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4.3.5. 
AC TIMINGS 
FOR A 60-MHz 
BUS 
signals) 
are relative 
to the rising 
edge 
of the 
ClK 


input. 


The AC specifications 
given in Table 
15 consists 
of 


output 
delays, 
input 
setup 
requirements 
and 
input 


hold 
requirements 
for 
the 
120-MHz 
Pentium 


processor. 
The AC specifications 
given 
in Table 
16 
consists 
of output 
delays, 
input setup 
requirements 


and 
input 
hold 
requirements 
for 
the 
150-MHz 


Pentium 
processor. 
All AC 
specifications 
(with 
the 


exception 
of those 
for the 
TAP 
signals 
and APIC 


All timings are referenced 
to 1.5V for both "0" and "1" 


logic 
levels 
unless 
otherwise 
specified. 
Within 
the 
sampling 
window, 
a 
synchronous 
input 
must 
be 
stable for correct operation. 


Table 
15. 
Mobile 
Pentium® 
Processor 
120 MHz 
AC Specifications 
for 60-MHz 
Bus Operation 


VCC2 = 2.9V ±165mV, VCC3 = 3.3V ±165mV, TCP TCASE = O°C to 95°C, SPGA TCASE = O°Cto 85°C, CL = 0 pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


Frequency 
30.0 
60.0 
MHz 
- 


t1a 
ClK 
Period 
16.67 
33.33 
nS 
3 


t1b 
ClK 
Period Stability 
±250 
pS 
(1), (19) 


t2 
ClK 
High Time 
. 


4.0 
nS 
3 
@2V,(1) 


t3 
ClK 
low 
Time 
4.0 
nS 
3 
@0.8V, (1) 


t4 
ClK 
Fall Time 
0.15 
1.5 
nS 
3 
(2.0V-O.8V), 
. 
(1), (5) 


ts 
ClK 
Rise Time 
0.15 
1.5 
nS 
3 
(0.8V-2.0V), 
(1), (5) 


tea 
ADS#, PWT, PCD, BEO-7#, MIIO#, 
1.0 
7.0 
ns : 
4 
(22) 


D/C#, CACHE#, 
SCYC, W/R# 
Valid Delay 


teb 
AP Valid Delay 
1.0 
8.5 
nS 
4 
(22) 


tee 
lOCK# 
Valid Delay 
1.1 
7.0 
nS 
4 
(22) 


tee 
A3-A31, Valid Delay 
1.1 
6.3 
nS 
4 
, 
(22) 


t7 
ADS#, AP, A3-A31, 
PWT, PCD, 
10.0 
nS 
5 
(1), (22) 
BEO-7#, MIIO#, D/C#, W/R#, 
'CACHE#, 
SCYC, lOCK# 
Float 
Delay 


tBa 
APCHK#, 
IERR#, FERR# Valid 
1.0 
8.3 
nS 
4 
(4), (22) 


I 


Delay 


tBb 
PCHK# Valid Delay 
1.0 
7.0 
nS 
4 
(4), (22) 


tga 
BREQ, HlDA 
Valid Delay 
1.0 
8.0 
nS 
4 
(4), (22) 


t9b 
SMIACT# 
Valid Delay 
1.0 
7.6 
nS 
4 
(22) 


t10a 
.HIT# Valid Delay 
1.0 
8.0 
nS 
4 
(22) 
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Table 15. 
Mobile 
Pentium® 
Processor 
120 MHz 
AC Specifications 
for 60-MHz 
Bus Operation 
(Contd.) 


VCC2 = 2.9V ±165mV, VCC3 = 3.3V ±165mV, TCP TCASE = c-c to 95°C, SPGA TCASE = o-c to 85°C, CL = a pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


t10b 
HITM# Valid Delay 
1.1 
6.0 
nS 
4 
(22) 


t11a 
PMO-1, BPO-3 Valid Delay 
1.0 
10.0 
nS 
4 
(22) 


t11b 
PRDY Valid Delay 
1.0 
8.0 
nS 
4 
(22) 


t12 
00-063, 
DPO-7 Write Data Valid 
1.3 
7.5 
nS 
4 
(22) 


Delay 


t13 
00-063, 
DPO-3 Write Data Float 
10.0 
nS 
5 
(1) 
Delay 


t14 
A5-A31 Setup Time 
6.0 
nS 
6 
(20) 


t15 
A5-A31 
Hold Time 
1.0 
nS 
6 


t16a 
INV, AP Setup Time 
5.0 
nS 
6 
I 


t16b 
EADS# Setup Time 
5.5 
nS 
6 


t17 
EADS#, INV, AP Hold Time 
1.0 
nS 
6 


t18a 
KEN# Setup Time 
5.0 
nS 
6 


t18b 
NA#, WBIWT# 
Setup Time 
4.5 
nS 
6 


t19 
KEN#, WBIWT#, 
NA# Hold Time 
1.0 
nS 
6 


t20 
BRpy# 
Setup Time 
5.0 
nS 
6 


t21 
BRDY# Hold Time 
1.0 
nS 
6 


t22 
AHOLD, 
BOFF# Setup Time 
5.5 
nS 
6 


t23 
AHOLD, 
BOFF# Hold Time 
1.0 
nS 
6 


t24 
BUSCHK#, 
EWBE#, 
HOLD, PEN# 
5.0 
nS 
6 
Setup Time 


t25a 
BUSCHK#, 
EWBE#, 
PEN# Hold 
1.0 
nS 
6 
Time 


t25b 
HOLD Hold Time 
1.5 
nS 
6 


t26 
A20M#, 
INTR, STPCLK# 
Setup 
5.0 
nS 
6 
(11), (15) 


Time 
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Table 15. 
Mobile 
Pentium® 
Processor 
120 MHz 
AC Specifications 
for 60-MHz 
Bus Operation 
(Contd.) 


VCC2 = 2.9V ±165mV, VCC3 = 3.3V ±165mV, TCP TCASE = O°C to 95°C, SPGA TCASE = O°C to 85°C, Cl = 0 pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


t27 
A20M#, 
INTR, STPClK# 
Hold 
1.0 
nS 
6 
(12) 


Time 


t28 
INIT, FlUSH#, 
NMI, SMI#, 
5.0 
nS 
6 
(11), (15), (16) 


IGNNE# Setup Time 


t29 
INIT, FlUSH#, 
NMI, SMI#, 
1.0 
nS 
6 
(12) 


IGNNE# Hold Time 


t30 
INIT, FlUSH#, 
NMI, SMI#, 
2.0 
ClKs 
(14), (16) 
IGNNE# 
Pulse Width, Async 


t31 
RlS# Setup Time 
5.0 
nS 
6 
(11), (15), (16) 


t32 
RlS# Hold Time 
1.0 
nS 
6 
(12) 


t33 
RlS# Pulse Width, Async. 
2.0 
. 
ClKs 
(14), (16) 


t34 
00-063, 
OPO-7 Read Oata Setup 
3.0 
nS 
6 


Time 


t35 
00-063, 
OP0-7 
Read Data Hold 
1.5 
nS 
6 


Time 


t36 
RESET Setup Time 
5.0 
nS 
7 
(11), (15) 


t37 
RESET Hold Time 
1.0 
nS 
7 
(12) 


t38 
RESET Pulse Width, Vcc & ClK 
15 . 
ClKs 
7 
(16) 
Stable 


t39 
RESET Active After Vcc & ClK 
1.0 
mS 
7 
Power up 
Stable 


~o 
Reset Configuration 
Signals (INIT, 
5.0 
nS. 
7 
(11), (15), (16) 
FlUSH#) 
Setup Time 


~1 
Reset Configuration 
Signals (IN IT, 
1.0 
nS 
7 
(12) 
FlUSH#) 
Hold Time 


~2a 
Reset Configuration 
Signals (INIT, 
2.0 
ClKs 
7 
To RESET falling 


FlUSH#) 
Setup Time, Async. 
edge (15) 


~2b 
Reset Configuration 
Signals (IN IT, 
2.0 
ClKs 
7 
To RESET falling 


FLUSH#, 
BROY#, BUSCHK#) 
edge (21) 


Hold Time, Async. 


~2c 
Reset Configuration 
Signal 
3.0 
ClKs 
7 
To RESET falling 
(BROY#, BUSCHK#) 
Setup Time, 
edge (21) 
Async. 
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Table 15. 
Mobile 
Pentium.® Processor 
120 MHz 
AC Specifications 
for 60-MHz 
Bus Operation 
(Contd.) 


VCC2 = 2.9V ±165mV, VCC3 = 3.3V ±165mV, TCP TCASE = DOCto 95°C, SPGA TCASE = DOCto 85°C, Cl = D pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


1.!2d 
Reset Configuration 
Signal BRDY# 
1.0 
nS 
To RESET falling 
Hold Time, RESET driven 
edge (1), (21) 
synchronously 


1.!3a 
BF[1 :0) Setup Time 
1.0 
mS 
7 
(18) to RESET 
falling edge 


1.!3b 
BF[1 :0) Hold Time 
2.0 
ClKs 
7 
(18) to RESET 
falling edge 


1.!3c 
BE4# Setup Time 
2.0 
ClKs 
7 
To RESET falling 
edge 


1.!3d 
BE4# Hold Time 
2.0 
ClKs 
7 
To RESET falling 
edge 


1.!4 
TCK Frequency 
- 
16.0 
MHz 


1.!5 
TCK Period 
62.5 
nS 
3 


1.!6 
TCK High Time 
25.0 
nS 
3 
@2V, (1) 


1.!7 
TCK low 
Time 
25.0 
nS 
3 
@0.8V, (1) 


1.!8 
TCK Fall Time 
5.0 
nS 
3 
(2.0V-O.8V), 
(1), 


(8), (9) 


I.!g 
TCK Rise Time 
5.0 
nS 
3 
(0.8V-2.0V), 
(1), 


(8), (9) 


t50 
TRST# Pulse Width 
40.0 
nS 
9 
(1), Asynchronous 


t51 
TDI, TMS Setup Time 
5.0 
nS 
8 
(7) 


t52 
TDI, TMS.Hold 
Time 
13.0 
nS 
8 
(7) 


t53 
TOO Valid Delay 
3.0 
20.0 
nS 
8 
(8) 


t54 
TOO Float Delay 
25.0 
nS 
8 
(1), (8) 


t55 
All Non-Test 
Outputs Valid Delay 
3.0 
20.0 
nS 
8 
(3), (8), (10) 


t56 
All Non-Test 
Outputs Float Delay 
25.0 
nS 
8 
(1), (3), (8), (10) 


t57 
All Non-Test 
Inputs Setup Time 
5.0 
nS 
8 
(3), (7), (10) 


t58 
All Non-Test 
Inputs Hold Time 
13.0 
nS 
8 
(3), (7), (10) 
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Table 
16. 
Mobile 
Pentium ® Processor 
150 MHz 
AC Specifications 
for 60-MHz 
Bus Operation 


VCC2 = 3.1V ±165mV, VCC3 = 3.3V ±165mV, TCP TCASE = O°C to 95°C, SPGA TCASE = O°C to 85°C, Cl = 0 pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


Frequency 
30.0 
60.0 
MHz 


t1a 
ClK 
Period 
16.67 
33.33 
nS 
3 


t1b 
ClK 
Period Stability 
1 
±250 
pS 
(1), (19) 


t2 
ClK 
High Time 
4.0 
nS 
3 
@2V, (1) 


t3 
ClK 
low 
Time 
4.0 
nS 
3 
@0.8V, (1) 


t4 
ClK 
Fall Time 
0.15 
1.5 
nS 
3 
(2.0V-O.8V), 
(1), (5) 


ts 
ClK 
Rise Time 
0.15 
1.5 
nS 
3 
(0.8V-2.0V), 
(1), (5) 


4>a 
PWT, PCD, BEO-7#, D/C#, 
0.8 
7.0 
nS 
4 
(22) 
CACHE#, 
SCYC, W/R# 
Valid 
Delay 


4>b 
AP Valid Delay 
1.0 
8.5 
nS 
4 
.(22) 


4>c 
lOCK# 
Valid Delay 
1.1 
7.0 
nS 
4 
(22) 


4>e 
A3-A16 Valid Delay 
0.7 
6.3 
nS 
4 
(22) 


4>1 
M/IO# Valid Delay 
0.85 
7.0 
nS 
4 
(22) 


4>9 
ADS# Valid Delay 
0.7 
8.5 
nS 
'4 
(22) 


4>h 
A17-A31 Valid Delay 
0.8 
6.3 
nS 
4 
(22) 


t7 
ADS#, AP, A3-A31, 
PWT, PCD, 
10.0 
nS 
5 
(1), (22) 
BEO-7#, M/IO#, 
D/C#, 
W/R#, 
CACHE#, 
SCYC, lOCK# 
Float 
Delay 


taa 
APCHK#, 
IERR#, FERR# Valid 
0.85 
8.3 
nS 
4 
(4), (22) 
Delay 


tab 
PCHK# Valid Delay 
1.0 
7.0 
nS 
4 
(4), (22) 


Iga 
BREQ, HlDA 
Valid Delay 
1.0 
8.0 
nS 
4 
(4), (22) 


t9b 
SMIACT# 
Valid Delay 
1.0 
7.6 
nS 
4 
(22) 


t10a 
HIT# Valid Delay 
1.0 
8.0 
nS 
4 
(22) 
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Table 16. 
Mobile 
Pentium® 
Processor 
150 MHz 
AC Specifications 
for 60-MHz 
Bus Operation 
(Contd.) 


VCC2 = 3.1V ±165mV, VCC3 = 3.3V ±165mV, TCP TCASE = c-c to 95°C, SPGA TCASE = o-c to 85°C, CL = a pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


t10b 
HITM# Valid Delay 
0.9 
6.0 
nS 
4 
(22) 


t11a 
PMO-1, BPO~3Valid Delay 
0.85 
10.0 
nS 
4 
(22) 


t11b 
PRDY Valid Delay 
1.0 
8.0 
nS 
4 
(22) 


t12 
00-063, 
DPO-7 Write Data Valid 
1.3 
7.5 
nS 
4 
(22) 
Delay 


t13 
00-063, 
DPO-3 Write Data Float 
10.0 
nS 
5 
(1) 
Delay 


= 


t14 
A5-A31 Setup Time 
6.0 
nS 
6 
(20) 


t15 
A5-A31 Hold Time 
1.0 
nS 
6 


t16a 
INV, AP Setup Time 
5.0 
nS 
6 


t16b 
EADS# Setup Time 
5.5 
nS 
6 


t17 
EADS#, INV, AP Hold Time 
1.0 
nS 
6 


t18a 
KEN# Setup Time 
5.0 
nS 
6 


t18b 
NA#, WBNVT# Setup Time 
4.5 
nS 
6 


, 


t19 
KEN#, WBNVT#, NA# Hold Time 
1.0 
nS 
6 


t20 
BRDY# Setup Time 
5.0 
nS 
6 


t21 
BRDY# Hold Time 
1.0 
nS 
6 


t22 
AHOLD, 
BOFF# Setup Time 
5.5 
nS 
6 


t23 
AHOLD, 
BOFF# Hold Time 
1.0 
nS 
6 


t24 
BUSCHK#, 
EWBE#, 
HOLD, PEN# 
5.0 
nS 
6 
Setup Time 


t25a 
BUSCHK#, 
EWBE#, 
PEN# Hold 
1.0 
nS 
6 
Time 


t25b 
HOLD Hold Time 
1.5 
nS 
6 


t26 
A20M#, 
INTR, STPCLK# 
Setup 
5.0 
nS 
6 
(11), (15) 


Time 
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Table 16. 
Mobile 
Pentium ® Processor 
150 MHz 
AC Specifications 
for 60-MHz' Bus Operation 
(Contd.) 


VCC2 = 3.1V ±165mV, VCC3 = 3.3V ±165mV, TCP TCASE = DOC to 95°C, SPGA TCASE = DOC to 85°C, Cl = 0 pF 


Symbol. 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


t27 
A20M#, 
INTR, STPClK# 
Hold 
1.0 
nS 
6 
(12) 


Time 


t28 
INIT, FlUSH#, 
NMI, SMI#, 
5.0 
nS 
6 
(11), (15), (16) 


IGNNE# Setup Time 


t29 
INIT, FlUSH#, 
NMI, SMI#, 
1.0 
nS 
6 
(12) 
IGNNE# 
Hold Time 


t30 
INIT, FlUSH#, 
NMI, SMI#, 
2.0 
ClKs 
(14), (16) 
IGNNE# 
Pulse Width, Async 


t31 
RlS# Setup Time 
5.0 
nS 
6 
(11), (15), (16) 


t32 
RlS# Hold Time 
1.0 
nS 
6 
(12) 


t33 
RlS# Pulse Width, Async. 
2.0 
ClKs 
(14), (16) 


t34 
DO-D63, 
DP0-7 
Read Data Setup 
3.0 
nS 
6 
Time 


t35 
DO-D63, 
DP0-7 
Read Data Hold 
1.5 
nS 
6 
Time 


t36 
RESET Setup Time 
5.0 
nS 
7 
(11),(15) 


t37 
RESET Hold Time 
1.0 
nS 
7 
(12) 


t38 
RESET Pulse Width, Vcc & ClK 
15 
ClKs 
7 
(16) 


Stable 


t39 
RESET Active After Vcc & ClK 
1.0 
mS 
7 
Power up 
Stable 


40 
Reset Configuration 
Signals (INIT, 
5.0 
nS 
7 
(11), (15), (16) 
FlUSH#) 
Setup Time 


41 
Reset Configuration 
Signals (IN IT, 
1.0 
nS 
7 
(12) 


FlUSH#) 
Hold Time 


42a 
Reset Configuration 
Signals (INIT, 
2.0 
ClKs 
7 
To RESET falling 


FlUSH#) 
Setup Time, Async. 
edge (15) 


42b 
Reset Configuration 
Signals (lNIT, 
2.0 
ClKs 
7 
To RESET falling 
FlUSH#, 
BRDY#, 
BUSCHK#) 
edge (21) 


Hold Time, Async. 


42c 
Reset Configuration 
Signal 
3.0 
ClKs 
7 
To RESET falling 


(BRDY#, 
BUSCHK#) 
Setup Time, 
edge (21) 
Async. 
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Table 16. 
Mobile 
Pentium 
Ql) Processor 
150 MHz 
AC Specifications 
for 60-MHz 
Bus Operation 
(Contd.) 


VCC2 = 3.1V ±165mV, VCC3 = 3.3V ±165mV, TCP TCASE = QOCto 95°C, SPGA TCASE = QOCto 85°C, CL = QpF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


~2d 
Reset Configuration 
Signal BROY# 
1.0 
nS 
To RESET falling 
Hold Time, RESET driven 
edge (1), (21) 
synchronously 


\ 


~3a 
BF[1 :0) Setup Time 
1.0 
mS 
7 
(18) to RESET 
falling edge 


~3b 
BF[1 :0) Hold Time 
2.0 
ClKs 
7 
(18) to RESET 
falling edge 


~3c 
BE4# Setup Time 
2.0 
ClKs 
7 
To RESET falling 


. 
J, 
edge 


~3d 
BE4# Hold Time 
2.0 
ClKs 
7 
To RESET falling 


I 
edge 


~4 
TCK Frequency 


.' 


16.0 
MHz 
I 
- 


~5 
TCK Period 
I 
62.5 
nS 
3 


~6 
TCK High Time 
I 
25.0 
nS 
3 
@2V,(1) 


~7 
TCK low 
Time 
25.0 
nS 
3 
@0.8V, (1) 


~8 
TCK Fall Time 
5.0 
nS 
3 
(2.0V-o.8V), 
(1), 
. 
(8), (9) 


~9 
TCK Rise Time 
5.0 
nS 
3 
(0.8V-2.0V), 
(1), 


(8), (9) 


Iso 
TRST# Pulse Width 
40.0 
nS 
9 
(1), Asynchronous 


ts1 
TOI, TMS Setup Time 
5.0 
nS 
8 
(7) 


t52 
TOI, TMS Hold Time 
13.0 
nS 
8 
(7) 


t53 
TOO Valid Delay 
3.0 
20.0 
nS 
8 
(8) 


t54 
TOO Float Delay 
25.0 
nS 
8 
(1), (8) 


t55 
All Non-Test 
Outputs Valid Delay 
3.0 
20.0 
nS 
8 
(3), (8), (10) 


t56 
All Non-Test 
Outputs Float Delay 
25.0 
nS 
8 
(1), (3), (8), (10) 


t57 
All Non-Test 
Inputs Setup Time 
5.0 
nS 
8 
(3), (7), (10) 


t58 
All Non-Test 
Inputs Hold Time 
13.0 
nS 
8 
(3), (7), (10) 
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4.3.6. 
AC TIMINGS 
FOR A 66-MHz 
BUS 
signals) 
are relative 
to the 
rising 
edge 
of the ClK 
input. 


The AC specifications 
given 
in Table 
17 consist 
of 
output 
delays, 
input 
setup 
requirements 
and 
input 
hold requirements 
for the 66-MHz 
external 
bus. All 
AC specifications 
(with the exception 
of those for the 


TAP signals and APIC 


Table 17. 
Mobile Pentium 
® Processor 
AC Specifications 
for 66-MHz 
Bus Operation 


All timings are referenced 
to 1.5V for both "0" and "1" 


logic 
levels 
unless 
otherwise 
specified. 
Within 
the 
sampling 
window, 
a 
synchronous 
input 
must 
be 
stable for correct operation. 


VCC2 = 2.9V ±165mV, VCC3 = 3.3V ±165mV, TCP TCASE = O°C to 95°C, SPGA TCASE = O°C to 85°C, Cl = 0 pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


Frequency 
33.33 
66.6 
MHz 


t1a 
ClK 
Period 
r 
15.0 
30.0 
nS 
3 


t1b 
ClK 
Period Stability 
±250 
pS 
(1), (19) 


t2 
ClK 
High Time 
4.0 
nS 
3 
@2V, (1) 


t3 
ClK 
low 
Time 
4.0 
nS 
3 
@0.8V, (1) 


4 
ClK 
Fall Time 
0.15 
1.5 
nS 
3 
(2.0V-D.8V), 
(1) 


ts 
ClK 
Rise Time 
0.15 
1.5 
nS 
3 
(0.8V-2.0V), 
(1) 


tsa 
PWT, PCD, BEO-7#, D/C#, W/R#, 
1.0 
7.0 
nS 
4 
CACHE#, 
SCYC Valid Delay 


tsb 
AP Valid Delay 
1.0 
8.5 
nS 
4 


tsc 
lOCK# 
Valid Delay 
1.1 
7.0 
nS 
4 


tsd 
ADS# Valid Delay 
1.0 
6.0 
nS 
4 


tse 
A3-A31 Valid Delay 
1.1 
6.3 
nS 
4 


tsf 
MIIO# Valid Delay 
1.0 
5.9 
nS 
4 


t7 
ADS#, AP, A3-A31, 
PWT, PCD, 
10.0 
nS 
5 
(1) 
BEO-7#, MIIO#, D/C#, W/R#, 
CACHE#, 
SCYC, lOCK# 
Float 
Delay 
, 


taa 
APCHK#, 
IERR#, FERR# Valid 
1.0 
8.3 
nS 
4 
(4) 
Delay 


tab 
PCHK# Valid Delay 
1.0 
7.0 
nS 
4 
(4) 


tga 
BREQ Valid Delay 
1.0 
8.0 
nS 
4 
(4) 


t9b 
SMIACT# 
Valid Delay 
1.0 
7.3 
nS 
4 
(4) 
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Table 17. 
Mobile Pentium 
® Processor 
AC Specifications 
for 66-MHz 
Bus Operation 
(Contd.) 


VCC2 = 2.9V ±165mV, VCC3 = 3.3V ±165mV, TCP TCASE = O°C to 95°C, SPGA TCASE = O°C to 85°C, CL = 0 pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


tg., 
HLDA Valid Delay 
1.0 
6.8 
nS 
4 
(4) 


t10a 
HIT# Valid Delay 
1.0 
6.8 
nS 
4 


t10b 
HITM# Valid Delay 
1.1 
6.0 
nS 
4 


t11a 
PMO-1, BPO-3 Valid Delay 
1.0 
10.0 
nS 
4 


t11b 
PRDY Valid Delay 
1.0 
8.0 
nS 
4 


t12 
00-063, 
DPO-7 Write Data Valid 
1.3 
7.5 
nS 
4 
Delay 


t13 
00-063, 
DPO-3 Write Data Float 
10.0 
nS 
5 
(1) 
Delay 


t14 
A5-A31 
Setup Time 
6.0 
nS 
6 
(20) 


t15 
A5-A31 
Hold Time 
1.0 
nS 
6 


t16a 
INV, AP Setup Time 
5.0 
nS 
6 


t16b 
EADS# Setup Time 
5.0 
nS 
6 


t17 
EADS#, INV, AP Hold Time 
1.0 
nS 
6 


t18a 
KEN# Setup Time 
5.0 
nS 
6 


t18b 
NA#, WBIWT# 
Setup Time 
4.5 
nS 
6 


t19 
KEN#, WBIWT#, 
NA# Hold Time 
1.0 
nS 
6 


t20 
BRDY# Setup Time 
5.0 
nS 
6 


t21 
BRDY# Hold Time 
1.0 
nS 
6 


t22 
AHOLD, 
BOFF# Setup Time 
5.5 
nS 
6 


t23 
AHOLD, 
BOFF# Hold Time 
1.0 
nS 
6 


t24a 
BUSCHK#, 
EWBE#, HOLD, Setup 
5.0 
nS 
6 
Time 


t24b 
PEN# Setup Time 
4.8 
nS 
6 


t25a 
BUSCHK#, 
EWBE#, PEN# Hold 
1.0 
nS 
6 
Time 


t25b 
HOLD Hold Time 
1.5 
nS 
6 


t26 
A20M#, 
INTR, STPCLK# 
Setup 
5.0 
nS 
6 
(11), (15) 


Time 


t27 
A20M#, 
INTR, STPCLK# 
Hold 
1.0 
nS 
6 
(12) 
Time 


1998 PentiunP 
Processor 
Databook 
2-165 


Pentium@ Processors 
with Voltage Reduction 
Techno(ogy 


Table 17. 
Mobile Pentium 
® Processor 
AC Specifications 
for 66-MHz 
Bus Operation 
(Contd.) 


VCC2 = 2.9V ±165mV, VCC3 = 3.3V ±165mV, TCP TCASE = DOC to 95°C, SPGA TCASE = DOC to 85°C, CL = D pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


t28 
INIT, FLUSH#, 
NMI, SMI#, 
5.0 
nS 
6 
(11), (15), (16) 
IGNNE# Setup Time 


t29 
INIT, FlUSH#, 
NMI, SMI#, 
1.0 
nS 
6 
(12) 
IGNNE# Hold Time 


t30 
INIT, FlUSH#, 
NMI, SMI#, 
2.0 
ClKs 
(14), (16) 
IGNNE# 
Pulse Width, Async 


t31 
R/S# Setup Time 
5.0 
nS 
6 
(11), (15), (16) 


t32 
R/S# Hold Time 
1.0 
nS 
6 
(12) 


t33 
R/S# Pulse Width, Async. 
2.0 
ClKs 
(14), (16) 


t34 
00-063, 
OP0-7 
Read Data Setup 
2.8 
nS 
6 
Time 


t35 
00-063, 
OPO-7 Read Data Hold 
1.5 
nS 
6 
Time 


t36 
RESET Setup Time 
5.0 
nS 
7 
(11), (15) 


t37 
RESET Hold Time 
1.0 
nS 
7 
(12) 


t38 
RESET Pulse Width, Vcc & ClK 
15.0 
ClKs 
7 
(16) 
Stable 


t39 
RESET Active After Vcc & ClK 
1.0 
mS 
7 
Power up 
Stable 


40 
Reset Configuration 
Signals (INIT, 
5.0 
nS 
7 
(11), (15), (16) 
FlUSH#) 
Setup Time 


41 
Reset Configuration 
Signals (IN IT, 
1.0 
nS 
7 
(12) 
FlUSH#) 
Hold Time 


42a 
Reset Configuration 
Signals (INIT, 
2.0 
ClKs 
7 
To RESET falling 
FlUSH#) 
Setup Time, Async. 
edge (15) 


t42b 
Reset Configuration 
Signals (INIT, 
2.0 
ClKs 
7 
To RESET falling 


FlUSH#, 
.BROY#, BUSCHK#) 
edge (21) 
Hold Time, Async. 


42c 
Reset Configuration 
Signal 
3.0 
ClKs 
7 
To RESETfalling 
(BROY#, BUSCHK#) 
Setup Time, 
edge (21) 
Async. 


42d 
Reset Configuration 
Signal BROY# 
1.0 
nS 
7 
To RESET falling 
Hold Time, RESET driven 
edge (1), (21) 
synchronously 
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Table 17. 
Mobile Pentium 
@ Processor 
AC Specifications 
for 66-MHz 
Bus Operation 
(Contd.) 


VCC2 = 2.9V ±165mV, VCC3 = 3.3V ±165mV, TCP TCASE = O°C to 95°C, SPGA TCASE = O°C to 85°C, Cl = 0 pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


~3a 
BF[1 :0] Setup Time 
1.0 
mS 
7 
(18) to RESET 
falling edge 


~3b 
BF[1 :0] Hold Time 
2.0 
ClKs 
7 
(18) to RESET 
falling edge' 


~3c 
BE4# Setup Time 
2.0 
ClKs 
7 
To RESET falling 
edge 


~3d 
BE4# Hold Time 
2.0 
ClKs 
7 
To RESET falling 
edge 


~4 
TCK Frequency 
- 
16.0 
MHz 
, 


~5 
TCK Period 
62.5 
nS 
3 


~6 
TCK High Time 
25.0 
nS 
3 
@2V, (1) 


~7 
TCK low 
Time 
25.0 
nS 
3 
@0.8V, (1) 


~8 
TCK Fall Time 
5.0 
nS 
3 
(2.0V-O.8V), 
(1), 


(8), (9) 


~9 
TCK Rise Time 
5.0 
nS 
3 
(0.8V-2.0V), 
(1), 


(8), (9) 


Iso 
TRST# Pulse Width 
40.0 
nS 
9 
(1), Asynchronous 


1s1 
TDI, TMS Setup Time 
5.0 
nS 
8 
(7) 


t52 
TDI, TMS Hold Time 
13.0 
nS 
8 
(7) 


1s3 
TOO Valid Delay 
3.0 
20.0 
nS 
8 
(8) 


t54 
TOO Float Delay 
25.0 
nS 
8 
(1), (8) 


t55 
All Non-Test Outputs Valid Delay 
3.0 
20.0 
nS 
8 
(3), (8), (10) 


t56 
All Non-Test Outputs Float Delay 
25.0 
nS 
8 
(1), (3), (8), (10) 


t57 
All Non-Test 
Inputs Setup Time 
5.0 
nS 
8 
(3), (7), (10) 


t58 
All Non-Test 
Inputs Hold Time 
13.0 
nS 
8 
(3), (7), (10) 


NOTES: 


Notes 2, 6 and 14 are general 
and apply to anstanoard TTl 
signals 
used with the Pentiurn" 
processor 
family. 


1. 
Not 100 percent tested. 
Guaranteed 
by design. 


2. 
TTl 
input test waveforms 
are assumed 
to be 0 to 3V transitions 
with 1V/nS rise and fall times. 


3. 
Non-test 
outputs 
and inputs are the normal output or input signals 
(besides 
TCK, TRST#, 
TOI, TOO, and TMS). These 
timings 
correspond 
to the response 
of these signals 
due to boundary 
scan operations. 


4. 
APCHK#, 
FERR#, 
HlOA, 
IERR#, lOCK#, 
and PCHK# 
are glitch-free 
outputs. 
Glitch-free 
signals 
monotonically 
transition 


without 
false transitions 
(i.e., glitches). 


5. 
0.8V/ns S ClK 
input rise/fall time S 8V/ns. 


6. 
0.3V/ns 
S input riselfall 
time S 5V/ns. 


7. 
Referenced 
to TCK rising edge. 
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B. 
Referenced 
to TCK falling edge. 


9. 
1 ns can be added to the maximum 
TCK rise and fall times for every 
10 MHz of frequency 
below 33 MHz. 


10. 
During 
probe mode operation. 
do not use the boundary 
scan timings 
(t55-58). 


11. 
Setup time is required 
to guarantee 
recognition 
on a specific 
clock. 


12. 
Hold time is required 
to guarantee 
recognition 
on a specific 
clock. 


13. 
All TTl 
timings 
are referenced 
from 1.5V. 


14. 
To guarantee 
proper asynchronous 
recognition. 
the signal must have been de-asserted 
(inactive) 
for a minimum 
of two 
clocks 
before 
being returned 
active and must meet the minimum 
pulse width. 


15. 
This input may be driven asynchronously. 


16. 
When driven asynchronously. 
RESET. 
NMI. FlUSH#. 
RlS#. INIT. and SMI# must be de-asserted 
(inactive) 
for a minimum 
of two clocks 
before 
being retumed 
active. 


17. 
The D/C#. 
M/IO#. WIR#. 
CACHE#. 
and A5-A31 
signals are sampled 
only on the ClK 
that ADS# is active. 


1B. 
BF should 
be strapped 
to Vcc3 or left floating. 


19. 
These 
signals 
are measured 
on the rising edge of adjacent 
CLKs at 1.5V. To ensure 
a 1:1 relationship 
between 
the 
amplitude 
of the input jitter and the intemal 
and extemal 
clocks. the jitter frequency 
spectrum 
should 
not have any power 
spectrum 
peaking 
between 
500 KHz and 1/3 of the CLK operating 
frequency. 
The amount 
of jitter present 
must be 
accounted 
for as a component 
of CLK skew between 
devices. 


20. 
Timing 
(t'4) is required 
for extemal 
snooping 
(e.g .• address 
setup to the CLK in which 
EADS# 
is sampled 
active). 


21. 
BUSCHK# 
is used as a reset configuration 
signal to select buffer size. 


22. 
Each valid delay is specified 
for a 0 pF load. The system designer 
should 
use 1/0 buffer modeling 
to account 
for signal 
flight time delays. 
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2.0V 


1.5V 


0.8V 


r, = IS, t49 


Tw= t4, t48 


Tx = t3, t47 


Ty = t1, t45 
r, = 12, 146 


Figure 
3. Clock Waveform 


Signal 


r, = 16, 18, 19, 110, 111, 112 


Figure 
4. Valid Delay Timings 
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Signal 


Tx = 17, 113 


Ty = 16min, 112min 


Figure 
5. 
Floal Delay Timings 


elK 


Signal 
VALID 


r, = 114, 116, 118, 120, 122, 124, 126, 128, 131, 134 


Ty = 115, 117, 119, 121, 123, 125,127,129,132,135 


Figure 
6. Selup and Hold Timings 
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ClK 


PP0Q6S 


T 
- 
z 
' ••• 
Tv- 


RESET 
Ty 
" 
1.5 V 


.Jo--+--- 
Tu 


Config 


Tt = t40 
Tu= t41 
Tv= t37 


Tw= t42, t43a 


Tx = t43b 


Ty = t38, t39 


Tz = t36 


Figure 
7. 
Reset and Configuration 
Timings 
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TOO 


Output 
Signals 


Input 
Signals 


T, = t57 


Ts = t58 


Tu = t54 


Tv = t51 


Tw= t52 


Tx = t53 


Ty = t55 


Tz = t56 


PP0066 


Figure 
8. Test Timings 


TRST# 


Tx = t50 


Figure 
9. Test Reset TImings 


...+.,.5V 


1998 PentiurrfJ 
Processor 
Databook 


intet~ 


Pentium@ Processors 
with Voltage Reduction 
Technology 


4.4. 
I/O Buffer Models 


This section 
describes 
the 1/0 buffer 
models 
of the 
Pentium 
processor 
with 
voltage 
reduction 
technology. 


The 
first 
order 
1/0 
buffer 
model 
is 
a 
simplified 
representation 
of 
the 
complex 
input 
and 
output 
buffers 
used in the Pentium 
processor 
with voltage 
reduction 
technology. 
Figures 
10 and 
11 show 
the 
structure 
of the 
input 
buffer 
model 
and 
Figure 
12 
shows 
the 
output 
buffer 
model. 
Tables 
18 and 
19 
show the parameters 
used to specify these models. 


Although 
simplified, 
these 
buffer 
models 
will 
accurately 
model 
flight 
time and signal 
quality. 
For 
these parameters, 
there is very little added accuracy 


in a complete transistor 
model. 


The following 
two models 
represent 
the input buffer 
models. 
The first model, Figure 
10, represents 
all of 
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the input buffers 
except for a special 
group of input 
buffers. 
The 
second 
model, 
Figure 
11, represents 
these 
special 
buffers. 
These 
buffers 
are the inputs: 


AHOlD, 
EADS#, 
KEN#, 
WBIWT#, 
INV, 
NA#, 
EWBE#, BOFF# and cue. 


In addition to the input and output buffer parameters, 
input protection 
diode models are provided for added 
accuracy. 
These 
diodes 
have 
been 
optimized 
to 
provide 
ESD protection 
and 
provide 
some 
level of 
clamping. 
Although 
the diodes 
are not required 
for 
simulation, 
. it 
may 
be 
more 
difficult 
to 
meet 
specifications 
without them. 


Note, 
however, 
some 
signal 
quality 
specifications 
require 
that the diodes 
be removed 
from 
the input 
model. 
The series 
resistors 
(Rs) 
are a part of the 
diode 
model. 
Remove 
these 
when 
removing 
the 
diodes from the input model. 
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Note: VCC in Figure 
10 refers to the 1/0 buffer VCC3. 


Figure 
10. 
Input Buffer Model, Except Special Group 
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Vcc2 


02 


Vss 
-=- 


PPOOOO 


Figure 
11. 
Input Buffer Model for Special Group 
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Table 
18. 
Parameters 
Used in the Specification 
of the First Order Input Buffer Model 


Parameter 
Description 


Cin 
Minimum and Maximum value of the capacitance 
of the input buffer model 


Lp 
Minimum and Maximum value of the package inductance 


Cp 
Minimum 
and Maximum 
value of the package capacitance 


Rs 
Diode Series Resistance 


D1. D2 
Ideal Diodes 


Figure 12 shows the structure 
of the output buffer model. This model is used for all of the output buffers of the 
Pentium processor 
with voltage reduction technology. 


PPOO61 


Figure 
12. First 
Order Output Buffer Model 


Table 
19. 
Parameters 
Used in the Specification 
of the First Order Output Buffer Model 


Parameter 
Description 


dV/dt 
Minimum and maximum 
value of the rate of change of the open circuit voltage source used in the 
output buffer model 


Ro 
Minimum and maximum 
value of the output impedance 
of the output buffer model 


Co 
Minimum 
and Maximum 
value of the capacitance 
of the output buffer model 


Lp 
Minimum 
and Maximum value of the package inductance 
.. 


Cp 
Minimum 
and Maximum value of the package capacitance 
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4.4.1. 
BUFFER 
MODEL 
PARAMETERS 


This 
section 
gives 
the 
parameters 
for 
each 
TCP 
Pentium 
processor 
with voltage reduction 
technology 
input. output 
and bidirectional 
signal, 
as well as the 
settings for the configurable 
buffers. 


Some 
pins 
on 
the 
TCP 
Pentium 
processor 
with 
voltage 
reduction 
technology 
have selectable 
buffer 
sizes. These 
pins use the configurable 
output buffer 
EB2. 
Table 
20 
shows 
the 
drive 
level 
for 
BRDY# 
required 
at the falling 
edge of RESET 
to select the 
buffer strength. 
The buffer sizes selected 
should 
be 
the appropriate 
size required; otherwise AC timings 


might 
not 
be 
met, 
or 
too 
much 
overshoot 
and 
ring back 
may 
occur. 
There 
are 
no other 
selection 
choices; 
all of the configurable 
buffers get set to the 
same size at the same time. 


The 
input, 
output 
and bidirectional 
buffer 
values 
of 
the TCP 
Pentium 
processor 
with 
voltage 
reduction 
technology 
are listed in Table 22. This table contains 
listings for all three types, do not get them confused 
during 
simulation. 
When 
a 
bidirectional 
pin 
is 
operating 
as an input, use the Cin, Cp and lp values; 
if it is operating 
as a driver, 
use 
all of the 
data 
parameters. 


Please 
refer 
to Table 21 for 
the 
groupings 
of the 
buffers. 


Table 20. 
Buffer Selection 
Chart 


Environment 
BRDY# 
Buffer Selection 


- - 


Typical Stand Alone Component 
, 
1 
EB2 


loaded 
Component 
, 
0 
I 
EB2A 
, 


NOTES: 


For correct 
buffer selection, 
the BUSCHK# 
signal must be held inactive 
(high) at the falling edge of RESET. 


Table 21. 
TCP 
Signal to Buffer Type 


Driver Buffer 
Receiver 
Buffer 


I 
Signals 
Type 
Type 
Type 


ClK 
I 
ERO 


A20M#, AHOlD, 
BF[1:0), BOFF#, BRDY#, BUSCHK#, 
I 
ER1 
EADS#, EWBE#, 
FlUSH#, 
HOLD, IGNNE#, 
INIT, INTR, 


'j 
f 


INV, KEN#, NA#, NMI, PEN#, RlS#, RESET, SMI#, 
STPClK#, 
TCK, TOI, TMS, TRST#, WB/WT# 
, 


APCHK#, 
BE[7:5)#, 
BP[3:2), BREQ, FERR#, HLDA, IERR#, 
0 
ED1 
PCD, PCHK#, 
PMO/BPO, PM1/BP1, 
PRDY, PWT, SMIACT#, 
TOO, U/O# 
. 


A[31:21). AP, BE[4:0)#, CACHE#, 
D/C#, 0[63:0), 
DP[8:0), 
1/0 
EB1 
EB1 
lOCK#, 
M/IO#, 
SCYC 


A[20:3), ADS#, HITM#, W/R# 
I/O 
EB2/EB2A 
EB2/EB2A 


HIT# 
1/0 
EB3 
EB3 
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Table 
22. 
TCP Pentium 
@ Processor 
Input, Output and Bidirectional 
Buffer Model Parameters 


Buffer 
dV/dt 
Ro 
Cp 
Lp 
Co/Cin 
Type 
Transition 
(V/nsec) 
(Ohms) 
(pF) 
(nH) 
(pF) 


min 
max 
min 
max 
min 
max 
min 
max 
min 
max 


ERO 
Rising 
0.3 
0.4 
3.9 
5.0 
0.8 
1.2 


(input) 
Falling 
li 
0.3 
0.4 
3.9 
5.0 
0.8 
1.2 


ER1 
Rising 
0.2 
0.5 
3.1 
6.0 
0.8 
1.2 


(input) 
Falling 
0.2 
0.5 
3.1 
6.0 
0.8 
1.2 


ED1 
Rising 
3/3.0 
3.7/0.9 
21.6 
53.1 
0.3 
0.6 
3.7 
6.6 
2.0 
2.6 


(output) 
Falling 
3/2.8 
3.7/0.8 
17.5 
50.7 
0.3 
0.6 
3.7 
6.6 
2.0 
2.6 


EB1 
Rising 
3/3.0 
3.7/0.9 
21.6 
53.1 
0.2 
0.5 
2.9 
6.1 
2.0 
2.6 


(bidir) 
Falling 
3/2.8 
3.7/0.8 
17.5 
50.7 
0.2 
0.5 
2.9 
6.1 
2.0 
2.6 


EB2 
Rising 
3/3.0 
3.7/0.9 
21.6 
53.1 
0.2 
0.5 
3.1 
6.4 
9.1 
9.7 


(bidir) 
Falling 
3/2.8 
3.7/0.8 
17.5 
50.7 
0.2 
0.5 
3.1 
6.4 
9.1 
9.7 


EB2A 
Rising 
3/2.4 
3.7/0.9 
10.1 
22.4 
0.2 
0.5 
3.1 
6.4 
9.1 
9.7 


(bidir) 
Falling 
3/2.4 
3.7/0.9 
9.0 
21.2 
0.2 
0.5 
3.1 
6.4 
9.1 
9.7 


EB3 
Rising 
3/3.0 
3.7/0.9 
21.6 
53.1 
0.2 
0.4 
3.2 
4.1 
3.3 
3.9 


(bidir) 
Falling 
3/2.8 
3.7/0.8 
17.5 
50.7 
0.2 
0.4 
3.2 
4.1 
3.3 
3.9 


Table 
23. 
Input Buffer Model Parameters: 
D (Diodes) 


Symbol 
Parameter 
D1 
D2 


IS 
Saturation 
Current 
I 
1.4e-14A 
2.78e-16A 


N 
Emission 
Coefficient 
1.19 
1.00 


RS 
Series Resistance 
6.5 ohms 
6.5 ohms 


TT 
Transit Time 
3 ns 
6 ns 


VJ 
PN Potential 
0.983V 
0.967V 


CJO 
Zero Bias PN Capacitance 
0.281 pF 
0.365 pF 


M 
PN Grading Coefficient 
0.385 
0.376 
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4.4.2. 
SIGNAL 
QUALITY 
SPECIFICATIONS 


Signals· 
driven 
by 
the 
system 
into 
the 
Pentium 
processor 
with 
voltage 
reduction 
technology 
must 
meet signal 
quality 
specifications 
to guarantee 
that 
the 
components 
read 
data 
properly 
and' to ensure 
that incoming signals do not affect the reliability of the 
component. 
There are two signal quality parameters: 


Ringback 
and Settling Time. 


4.4.2.1. 
Ringback 


Excessive 
ringback 
can 
contribute 
to 
long-term 


reliability 
deqradation 
of the Pentium 
processor 
with 
voltage 
reduction 
technology, 
and can cause 
false 
signal 
detection. 
Ringback 
is simulated 
at the input 


pin of a component 
using 
the 
input 
buffer 
model. 


Ringback 
can be simulated 
with or without the diodes 
that are in the input buffer model. 


Ringback 
is the 
absolute 
value 
of 
the 
maximum 
voltage 
at the 
receiving 
pin below 
Vcc3 
(or above 
Vss) 
relative 
to Vcc3 
(or Vssl 
level after the signal 
has reached 
its maximum 
voltage 
level. The 
input 
diodes are assumed 
present. 


Maximum 
Ringback 
on Inputs = O.8V 
(with diodes) 


If simulated 
without 
the 
input 
diodes, 
follow 
the 
Maximum 
Overshoot/Undershoot 
specification. 
By 
meeting 
the overshoot/undershoot 
specification, 
the 
signal is guaranteed 
not to ringback 
excessively. 


If simulated 
with 
the 
diodes 
present 
in the 
input 


model, follow the maximum 
ringback specification. 


Overshoot 
(Undershoot) 
is the absolute 
value of the 
maximum 
voltage 
above 
Vcc3 
(below 
Vss). 
The 
guideline 
assumes 
the 
absence 
of diodes 
on 
the 
input. 


• 
• 
Maximum 
Overshoot/Undershoot 
on 
5V 
82497 
Cache 
Controller, 
and 
82492 
Cache 
SRAM 
Inputs 
(ClK 
and PICClK 
only) = 1.6V 
above Vcc5 (without diodes) 


• 
Maximum 
Overshoot/Undershoot 
on 
3.3V 
Pentium 
processor 
with 
voltage 
reduction 
technology 
Inputs 
(not ClK) = 1.4V above 
Vcc3 
(without diodes) 


Vcc 
Vcc 


Maximum 
Undershoot 


PP0110 


Figure 
13. Overshoot/Undershoot 
and Ringback 
Guidelines 
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4.4.2.2. 
Settling Time 


The 
settling 
time 
is defined 
as the 
time 
a signal 
requires 
at the receiver 
to settle within 
10 percent of 
Vcc3 
or Vss. 
Settling 
time 
is the 
maximum 
time 
allowed 
for a signal to reach within 
10 percent 
of its 
final value. 


Most available 
simulation 
tools are unable to simulate 
settling 
time 
so 
that 
it 
accurately 
reflects 
silicon 
measurements. 
On a physical 
board, 
second-order 
effects and other effects serve to dampen 
the signal 
at 
the 
receiver. 
Because 
of 
all 
these 
concems, 
settling time is a recommendation 
or a tool for layout 
tuning and not a specification. 


Settling time is simulated 
at the slow corner, to make 
sure that there is no impact on the flight times of the 
signals 
if the waveform 
has not settled. Settling time 
may 
be 
simulated 
with 
the 
diodes 
included 
or 
excluded 
from 
the input buffer 
model. 
If diodes 
are 
included, 
settling time recommendation 
will be easier 
to meet. 


Although 
simulated 
settling time has not shown good 
correlation 
with 
physical, 
measured 
settling 
time, 
settling time simulations 
can still be used as a tool to 
tune layouts. 


Use 
the 
following 
procedure 
to 
verify 
board 
simulation 
and tuning with concems 
for settling time. 


• 
Simulate 
settling 
time at the slow corner 
for a 
particular signal. 


If settling 
time violations 
occur, 
simulate' signal 
trace with D.C. ·diodes in place at the receiver 
pin. The D.C. diode behaves 
almost 
identically 
to the actual 
(non-linear) 
diode 
on the part as 
long as excessive 
overshoot 
does not occur. 


If settling 
time 
violations 
still 
occur, 
simulate 
flight times 
for five consecutive 
cycles 
for that 
particular signal. 


If flight time values 
are consistent 
over the five 
simulations, 
settling 
time 
should 
not 
be 
a 
concern. 
If 
however, 
flight 
times 
are 
not 
consistent 
over the five 
simulations, 
tuning 
of 
the layout is required. 


Note 
that, 
for 
signals 
that 
are 
allocated 
two 
cycles for flight time, the recommended 
settling 
time is doubled. 


• 


• 


• 


• 


A typical design method would include a settling time 
that ensures 
a signal is within 
10 percent 
of Vcc3 
or 
Vss for at least 2.5 ns prior to the end of the ClK 
period. 


Settling Time 


Vcc + 10%vcci==t~~~~~~~~ 
Vcc -10% 


PP0111 


Figure 
14. 
Settling Time 
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5.0. 
TCP PENTIUM ® PROCESSOR 
MECHANICAL 
SPECIFICATIONS 


Today's portable computers face the challenge of 
meeting desktop performance in an environment that 
is constrained by thermal, mechanical and electrical 
design considerations. These considerations have 
driven the development and implementation of Intel's 
Tape Carrier Package (TCP). The Intel TCP has 
been designed to offer a high pin count, low profile, 
reduced 
footprint 
package 
with 
uncompromised 
thermal and electrical performance. Intel continues to 
provide packaging solutions that meet our rigorous 
criteria for quality and performance, and this new 
entry into the Intel package portfolio is no exception. 


Key features of the TCP include: surface mount 
technology design, lead pitch of 0.25 mm, polyimide 


5.1. 
TCP Mechanical Diagrams 


body size of 24 mm and polyimide up for pick-and- 
place handling. TCP components are shipped with 
the leads flat in slide carriers, and are designed to be 
excised 
and 
lead 
formed 
at 
the 
customer 
manufacturing 
site. 
Recommendations 
for 
the 
manufacture of this package are included in Chapter 
12 of the 1996 Packaging Data Book. 


Figure 15 shows a cross-sectional view of the TCP 
as mounted on the Printed Circuit Board. Figures 16 
and 17 show the TCP as shipped in its slide carrier, 
and key dimensions of the carrier and package. 
Figure 
18 shows a cross-section detail of the 
package. Figure 19 shows an enlarged view of the 
outer lead bond area of the package. 


Tables 24 and 25 provide the Pentium processorwith 
voltage reduction technology TCP dimensions. 


Polyimide 


E"~n:rn:ci!a.ps=:u::-I""\:a,.-nt::-::-_support 
~ 


Thermally 
& Electrically 
Conductive 
Adhesive 
(Silver Filled Thermoplastic) 
Thermal 
vias 
Ground 
plane 


TAB Lead 
(OFC Copper) 
I 


Polyimide 
Keeper 
Bar 
J 


Note. 


Sketches 
Not to Scale 


PCB 


Full X-Section 


Figure 15. Cross-SectionalView of the Mounted TCP 
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36.15 ± 0.05 


21.90 ±0.06 


4.75 


21.90 ±O.06 


intet 


DL 


~------L----!-::':"'::""-..-l 


1-------- 
63.00 ± O.15 SO--------1 


w 


Figure 
16. 
One rcp Site in Carrier (Bottom Vie 
w of Die) 


255705 
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Figure 
17. 
One TCP Site in Carrier (Top View of Die) 
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Figure 18. 
One TCP Site (Cross-Sectional Detail) 
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Table 
24. 
TCP Key Dimensions 


Symbol 
Description 
Dimension 


N 
Leadcount 
320 leads 


W 
Tape Width 
48.18 ±0.12 


L 
Site Length 
(43.94) reference only 


e1 
Outer Lead Pitch 
0.25 nominal 


b 
Outer Lead Width 
0.10 ±0.01 


D1.E1 
Package 
Body Size 
24.0 ±0.1 


A2 
Package 
Height 
0.615 ±0.030 


DL 
Die Length 
9.929 ±0.015 


DW 
Die Width 
9.152 ±0.015 


LT 
Leap Thickness 
0.025 ±0.003 


EL 
Encap Length 
(10.56) reference 
only 


EW 
EncapWidth 
(9.78) reference only 


NOTES: 


Dimensions 
are in millimeters 
unless otherwise 
noted. 


Dimensions 
in parentheses 
are for reference 
only. 


Table 25. 
Mounted 
TCP Dimensions 


Description 
Dimension 


Package 
Height 
0.75 maximum 
, 


. 


Terminal 
Dimension 
29.5 nominal 


Package Weight 
0.5 g maximum 


NOTES: 


Dimensions 
are in millimeters 
unless otherwise 
noted. 


Package 
terminal 
dimension 
(lead tip-to-lead 
tip) assumes 
the use of a keeper 
bar. 
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6.0. 
TCP PENTIUM 
® PROCESSOR 
THERMAL 
SPECIFICATIONS 


The TCP 
Pentium 
processor 
with voltage 
reduction 
technology 
is specified 
for proper operation 
when the 
case temperature, 
TCASE.(TC) is within the specified 


. range of 0 °C to 95°C. 


6.1 . 
Measuring Thermal Values 


To verify 
that the proper 
TC (case 
temperature) 
is 
maintained 
for the Pentium 
processor, 
it should 
be 
measured 
at the center 
of the package 
top surface 
(encapsulant). 
To minimize 
any measurement 
errors, 


the following 
techniques 
are recommended: 


• 
Use 36 gauge 
or finer diameter 
K, T, or J type 


thermocouples. 
Intel's laboratory 
testing was done 
using 
a 
thermocouple 
made 
by 
Omega 
(part 
number: 5TC-TTK-36-36). 


• 
Attach 
the thermocouple 
bead or junction 
to the 
center 
of the 
package 
top 
surface 
using 
highly 
thermally 
conductive 
cements. 
Intel's 
laboratory 
testing 
was 
done 
by using 
Omega 
Bond 
(part 
number: OB-100). 


• 
The 
thermocouple 
should 
be 
attached 
at 
a 
90° angle as shown in Figure 20. 


6.2. 
Thermal 
Equations 


For the 
Pentium 
processor 
with 
voltage 
reduction 
technology, 
an 
ambient 
temperature 
(TA) 
is 
not 
specified 
directly. 
The only 
requirement 
is that 
the 
case 
temperature 
(Tc) 
is 
met. 
The 
ambient 


temperature 
can 
be 
calculated 
from 
the 
following 
equations: 


TJ = Tc+Px9JC 


TA = TJ-Px9JA 


TA = TC-(Px9CA) 


Tc= 
TA + PX[9JA 
-9JC] 


9CA = 9JA - 9JC 


where. 
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TA and TC are ambient and case temperatures (0C) 


9CA = Case-te-Ambient thermal resistance (OCrN) 


9JA = Junction-te-Ambient thermal resistance (OCrN) 


9JC = Junction-to-Case thermal resistance (OCrN) 


P = maximum power consumption (Watts) 


P 
(maximum 
power 
consumption) 
is 
specified 
in 
section 4.2. 


6.3. 
TCP Thermal 
Characteristics 


The 
primary 
heat transfer 
path from the die of the 
TCP is through the back side of the die and into the 
PC board. There are two thermal 
paths traveling from 
the PC board to the ambient 
air. One is the spread of 
heat within the board and the dissipation 
of heat by 
the board to the ambient air. The other is the transfer 
of heat through 
the board 
and to the opposite 
side 
where 
thermal 
enhancements 
(e.g., 
heat 
sinks, 


pipes) 
are 
attached. 
Solder-side 
heat 
sinking, 


compared 
to TCP 
component-side 
heat 
sinking, 
is 
the 
preferred 
method 
due 
to 
reduced 
risk 
of 
die 
damage, 
easier 
mechanical 
implementation 
and 
larger 
surface 
area 
for 
attachment. 
However, 


component-side 
heat sinking is possible. 
The design 
requirements 
in a component-side 
thermal 
solution 
are: no direct loading of inner lead bonds on the TCP, 
a maximum 
force of 4.5 kgf on the center of a clean 


TCP, no direct loading of the TAB tape or outer lead 
bonds and controlled 
board deflection. 


6.4. 
PC Board Enhancements 


Copper 
planes, 
thermal 
pads, 
and vias 
are design 


options 
that 
can 
be used 
to improve 
heat transfer 


from the PC board to the ambient 
air. Tables 26 and 


27 present thermal 
resistance 
data for copper 
plane 
thickness 
and 
via 
effects. 
It should 
be 
noted 
that 


although thicker copper planes will reduce the 9CA of 
a system 
without 
any thermal 
enhancements, 
they 
have less effect on the 9CA of a system with thermal 
enhancements. 
However, 
placing 
vias under the die 
will 
reduce 
the 
9CA of a system 
with 
and 
without 


thermal enhancements. 
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Figure 
20. 
Technique 
for Measuring 
Case Temperature 
(T 
cl 


Table 26. 
Thermal 
Resistance 
vs. Copper Plane Thickness 
with and without 
Enhancements 


Copper Plane Thickness" 
9CA (OC/W) No Enhancements 
9CA (OC/W) With Heat Pipe 


1 oz. Cu 
18 
8 


3 oz. Cu 
14 
8 


NOTES: 


"225 vias underneath 
the die 


(1 oz = 1.3 mill 


Table 27. 
Thermal 
Resistance 
vs. Thermal Vias undemeath 
the Die 


Thermal Via Configuration 
9CA (OC/W) No Enhancements 


No thermal vias 
15 


20 mil drill on 40 mil pitch 
13 


Table 28. 
Pentium ® Processor 
TCP Thermal 
Resistance 
without 
Enhancements 


9JC 
9CA 


("C/W) 
(OC/W) 


Thermal 
Resistance 
without 
0.8 
13.9 
Enhancements 
, 
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Table 
29. 
Pentium 
® Processor 
TCP Thermal 
Resistance 
with Enhancements 
(without Airflow) 


SCA 
Thermal 
Enhancements 
(OCfW) 
Notes 


Heat sink 
, 
11.7 
1.2"x1.2"x.35" 


AI Plate 


, 


8.7 
4"x4"x.030" 
." 


AI Plate with Heat Pipe 
7.8 
0.3"x1"x4" 


Table 
30. 
Pentium 
® Processor 
TCP Thermal 
Resistance 
with Enhancements 
(with Airflow) 


. 
Thermal 
SCA 
Enhancements 
(OCfW) 
Notes 


1.2"x1.2"x.35" 
HS 
Heat sink with Fan @ 1.7 CFM 
5.0 
1"x1 "x.4" Fan 


Heat sink with Airflow @ 400 LFM 
5.1 
1.2"x1.2"x.35" 
HS 


Heat sink with Airflow @ 600 LFM 
4.3 
1.2"x1.2"x.35" 
HS 


L 
NOTES: 


HS = heat sink 


LFM = Linear Feet/Minute 


CFM = Cubic Feet/Minute 


6.4.1. 
STANDARD 
TEST BOARD 
CONFIGURATION 


All TCP thermal measurements 
provided in the tables 
were taken with the component 
soldered 
to a 2" x 2" 
test board outline. This six-layer 
board contains 
13.5 
mil drill on 40 mil pitch vias (undemeath 
the die) in 
the die attach pad which are connected 
to two 3 oz. 


copper planes located at layers two and five. For the 
TCP 
Pentium 
processor 
with 
voltage 
reduction 
technology, 
the vias in the die attach 
pad should 
be 
connected 
without 
thermal 
reliefs 
to 
the 
ground 
plane(s). 
The die is attached 
to the die attach 
pad 
using 
a 
thermally 
and 
electrically 
conductive 
adhesive. 
This test board was designed 
to optimize 
the 
heat 
spreading 
into 
the 
board 
and 
the 
heat 
transfer through to the opposite side of the board. 


NOTE 


Thermal 
resistance 
values 
should be used as 
guidelines 
only, 
and 
are 
highly 
system 
dependent. 
Final 
system 
verification 
should 
always 
refer 
to 
the 
case 
temperature 
specification. 
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7.0. 
SPGA PENTIUM 
® PROCESSOR 
WITH VOLTAGE 
REDUCTION 
TECHNOLOGY 
SPECIFICATIONS 


7.1. 
SPGA Pentium ® Processor 
with 
Voltage Reduction Technology 
Differences 
from 3.3V Pentium 
Processor 


All SPGA 
Pentium 
processor 
with voltage 
reduction 
technology 
specifications, 
except 
the 
differences 
described 
in this section, 
are identical to those of the 
3.3V Pentium processor. 


7.1.1. 
FEATURES 
REMOVED 


The following 
features 
have 
been 
removed 
for the 
Pentium 
processor 
with 
voltage 
reduction 
technology: 
Upgrade, 
Dual 
Processing 
(DP), 
APIC 
and Master/Checker 
functional 
redundancy. 
Table 
1 
lists the corresponding 
pins which 
exist on the 3.3V 
Pentium 
processor 
but have 
been 
removed 
on the 
Pentium 
processor 
with 
voltage 
reduction 
technology. 
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7.1.2. 
MAXIMUM 
RATING 


The 
following 
values 
are 
stress 
ratings 
only. 
Functional 
operation 
at the maximum 
ratings 
is not 


implied 
nor 
guaranteed. 
Functional 
operating 
conditions 
are given in the AC and DC specification 
tables. 


Extended 
exposure 
to 
the 
maximum 
ratings 
may 
affect 
device 
reliability. 
Furthermore, 
although 
the 
SPGA 
Pentium 
processor 
with 
voltage 
reduction 
technology 
contains 
protective 
circuitry 
to 
resist 
damage 
from 
static 
electric 
discharge, 
always 
take 
precautions 
to avoid 
high static voltages 
or electric 


fields. 


Case temperature 
under bias 
-65°C 
to 110°C 


Storage temperature 
-65°C 
to 150°C 


3V Supply voltage 
with respect to Vss 
-O.5V to +4.6V 


2.9V Supply yoltage 
with respect to Vss 
-0.5V 
to +4.1V 


3V Only Buffer DC Input Voltage 
-0.5V 
to Vcc3 
.................................................... 
+0.5; not to exceed 4.6V 
(2) 


5V Safe Buffer 
DC Input Voltage 
-O.5V to 6.5V (1:3) 
NOTES: 
1. 
Applies to ClK. 
2. 
Applies to all SPGA Pentium processor with voltaqe 
reduction technology inputs except ClK. 


3. 
See Table 32. 


intet 


WARNING 


Stressing 
the 
device 
beyond 
the 
"Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These 
are 
stress 
ratings 
only. 
Operation 
beyond 
the "Operating 
Conditions" 


is not recommended 
and extended 
exposure 
beyond the "Operating 
Conditions" 
may affect 
device reliability. 


7.1.3. 
DC SPECIFICATIONS 


Tables 31,32 
and 33 list the DC speclfications 
which 
apply to the SPGA 
Pentium 
processor 
with voltage 
reduction 
technology. 
The. SPGA 
Pentium 
processor 
with 
voltage 
reduction 
technology 
core operates 
at 


2.9V 
(3.1V 
for 
150 
MHz) 
intemally 
while 
the 
1/0 
interface operates 
at 3.3V. The ClK 
input may be at 
3.3V 
or 5V. Since 
the 
3.3V 
(5V safe) 
input 
levels 
defined 
in Table 32 are the 
same 
as the 
5V TIl 
levels, 
the ClK 
input is compatible 
with existing 
5V 
clock drivers. 
The power dissipation 
specification 
in 
Table 34 is provided 
for design 
of thermal 
solutions 
during operation 
in a sustained 
maximum 
level. This 
is the worst-case 
power the device would dissipate 
in 
a system for a sustained 
period of time. This number 
is used for design of a thermal solution for the device. 


1998 PentiunfP Processor 
Databook 


j 


Pentium@ Processors 
with Voltage Reduction 
Technology 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


V1L3 
Input Low Voltage 
-0.3 
0.8 
V 
TTL Level (3) 


V1H3 
Input High Voltage 
2.0 
Vcc3+0.3 
V 
TTL Level (3) 


VOL3 
Output Low Voltage 
0.4 
V 
TTL Level (1) (3) 


VOH3 
Output High Voltage 
2.4 
V 
TTL Level (2) (3) 
r 


Icc2 
Power Supply Current from 
2085 
mA 
@100MHz(4) 
2.9V core supply 
2500 
mA 
@120 MHz (4) 
2775 
mA 
@133 MHz (4) 


Icc3 
Power Supply Current from 
355 
mA 
@100MHz(4) 
3.3V 1/0 buffer supply 
320 
mA 
@120 MHz (4) 
355 
mA 
@133MHz(4) 


Table 
31. 
SPGA 
3.3V DC Specifications 


T CASE = 0 to 85°C; Vcc2 = 2.9V ±165mV; 
Vcc3 = 3.3V ±165mV 


NOTES: 


1. 
Parameter 
measured 
at 4 mA. 


2. 
Parameter 
measured 
at 3 mA. 


3. 
3.3V TTl 
levels apply to all signals 
except 
ClK. 


4. 
This value 
should 
be used for power supply design. 
It was estimated 
for a worst-case 
instruction 
mix and Vcc2 = 2.9V ± 
165mV and Vcc3 
= 3.3V± 
165mV. 
Power supply transient 
response 
and decoupling 
capacitors 
must be sufficient 
to 
handle the instantaneous 
current 
changes 
occurring 
during transitions 
from stop clock to full active modes. 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


V1L5 
Input Low Voltage 
-0.3 
0.8 
V 
TTL Level (1) 


V1H5 
Input High Voltage 
2.0 
5.55 
V 
TTL Level (1) 


Table 
32. 
3.3V (5V Safe) DC Specifications 


NOTES: 


1. 
Applies 
to ClK 
only. 
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Table 
33. 
Input and Output Characteristics 


/ 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


CIN 
Input Capacitance 
15 
pF 
(4) 


Co 
Output Capacitance 
20 
pF 
(4) 


CI/O 
1/0 Capacitance 
25 
pF 
(4) 


CCLK 
ClK 
Input Capacitance 
15 
pF 
(4) 


CTlN 
Test Input Capacitance 
15 
pF 
(4) 


CTOUT 
Test Output Capacitance 
20 
pF 
(4) 


CTCK 
Test Clock Capacitance 
15 
pF 
(4) 


III 
Input leakage 
Current 
±15 
!lA 
0< VIN < Vcc3 (1) 


ILO 
Output leakage 
Current 
±15 
!lA 
0< VIN < Vcc3 (1) 


IIH 
Input leakage 
Current 
200 
!lA 
VIN = 2.4V (3) 


IlL 
Input leakage 
Current 
-400 
!lA 
VIN = 0.4V (2) 


NOTES: 
1. 
This parameter is for input without pull up or pull down. 


2. 
This parameter is for input with pull up. 


3. 
This parameter is for input with pull down. 


4. 
Guaranteed by design. 
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Th 
ID 
Table 34. 
Power Dissipation 
Requirements 
or 
erma 
esrgn 
1 


Parameter 
Typical (1) 
Max(2) 
Unit 
Notes 


Thermal 
Design Power (5) 
5.9 
Watts 
@100MHz 
7.1 
Watts 
@120MHz 
7.9 
Watts 
@133MHz 


Active Power (6) 
2.0--3.0 
N/A 
Watts 
@100MHz 
2.5-3.5 
Watts 
@120MHz 
3.0--4.0 
Watts 
@133 MHz 


Stop Grant I Auto Halt Power 
1.2 
Watts 
@100MHz(3) 
1.2 
Watts 
@120MHz(3) 
1.3 
Watts 
@133 MHz (3) 


Stop Clock Power 
.02 
0.05 
Watts 
(4) 


NOTES: 


1. 
This is the typical 
power dissipation 
in a system. 
This value was the average 
value measured 
in a system 
using a typical 
device 
at VCC2 = 2.9V (3.1V for 150 MHz) and VCC3 = 3.3V running 
typical 
applications. 
This value is hi9hly dependent 
upon the specific 
system 
configuration. 


2. 
Systems 
must be designed 
to thermally 
dissipate 
the maximum 
Active Power 
Dissipation. 
It is determined 
using a worst- 


case instruction 
mix with VCC2 = 2.9V (3.1V for 150 MHz) and VCC3 = 3.3V. The use of nominal 
VCC in this 
measurement 
takes into account 
the thermal 
time constant 
of the package. 


3. 
Stop Grant/Auto 
Halt Powerdown 
Power 
Dissipation 
is determined 
by asserting 
the STPClK# 
pin or executing 
the HALT 
instruction. 


4. 
Stop Clock Power 
Dissipation 
is determined 
by asserting 
the STPClK# 
pin and then removing 
the extemal 
ClK 
input. 


5. 
Thermal 
Design 
Power 
is the maximum 
power dissipation 
under normal operating 
conditions 
at nominal 
V CC2 worst case 
temperature, 
while executing 
the worst case power 
instruction 
mix. 


6. 
Active 
Power 
is the average 
power measured 
in a system 
using a typical 
device 
running 
typical 
applications 
under normal 


operating 
conditions 
at nominal 
VCC and room temperature. 
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7.1.3.1. 
Power Sequencing 


There is no specific 
sequence 
required 
for powering 


up or powering 
down 
the 
Vcc2 
and 
Vcc3 
power 


supplies. 
However, 
for 
compatibility 
with_ future 
mobile processors, 
it is recommended 
that the Vcc2 


and Vcc3 
power 
supplies 
be either both on or both 


off within one second of each other. 


7.1.4. 
AC SPECIFICATIONS 


The 
AC 
specifications 
of 
the 
SPGA 
Pentium 


processor 
with voltage 
reduction 
technology 
consist 


of setup times, 'hold times, and valid delays 
at 0 pF. 
All SPGA 
Pentium 
processor 
with voltage 
reduction 


technology 
AC 
specifications 
are valid 
for Vcc2 
= 


2.9V (3.1V for 150 MHz) ± 165mV, 
Vcc3 = 3.3V ± 


165mV, and TCASE= 0 to 85°C. 


7.1.4.1. 
Power and Ground 


For 
clean 
on-chip 
power 
distribution, 
the 
SPGA 


Pentium 
processor 
with voltage reduction 
technology 


has 25 Vcc2 
(2.9V 
power), 
28 Vcc3 
(3.3V 
power) 


and 
53 
Vss 
(ground) 
inputs. 
Power 
and 
ground 


connections 
must be made to all extemal Vcc2, Vcc3 


and Vss 
pins of the SPGA 
Pentium 
processor 
with 


voltage 
reduction 
technology. 
On the circuit board all 


vcc2 
pins must be connected 
to a 2.9V (3.1V for 150 


MHz) Vcc2 
plane (or island) and all Vcc3 
pins must 


be connected 
to a 3.3V Vcc3 
plane. 
All Vss 
pins 


must be connected 
to a Vss plane. Refer to Table 35 


for a listing of Vcc2 and Vcc3. 


7.1.4.2. 
Decoupling 
Recommendations 


Transient 
power surges 
can occur 
as the processor 


is executing 
instruction 
sequences 
or driving 
large 


loads. 
To mitigate 
these 
high frequency 
transients, 
liberal 
high frequency 
decoupling 
capacitors 
should 


be placed near the processor. 


Low 
inductance 
capacitors 
and 
interconnects 
are 


recommended 
for 
best 
high 
frequency 
electrical 


performance. 
Inductance 
can 
be 
reduced 
by 


shortening 
circuit 
board 
traces 
between 
the 


processor 
and 
decoupling 
capacitors 
as 
much 
as 


possible. 


These 
capacitors 
should 
be 
evenly 
distributed 


around 
each component 
on the 3.3V plane and the 


2.9V 
plane 
(or island). 
Capacitor 
values 
should 
be 


chosen 
to ensure 
they eliminate 
both low and high 


frequency 
noise components. 


Power transients 
also occur as the processor 
rapidly 
transitions 
from a low level of power consumption 
to 


a much higher level (or high to low power). 
A typical 
example 
would 
be entering 
or exiting the Stop Grant 


state. Another 
example 
would 
be executing 
a HALT 
instruction, 
causing 
the processor 
to enter the Auto 


HALT 
Powerdown 
state, or transitioning 
from HALT 
to the Normal state. All of these examples 
may cause 


abrupt changes 
in the power being consumed 
by the 


processor. 
Note 
that 
the 
Auto 
HALT 
Powerdown 
feature 
is always 
enabled 
even 
when 
other 
power 


management 
features 
are not implemented. 


Bulk storage 
capacitors 
with 
a low 
ESR 
(Effective 


Series 
Resistance) 
in the 
10 to 
100 IJf range 
are 
required 
to 
maintain 
a 
regulated 
supply 
voltage 


during the interval between 
the time the current load 


changes 
and 
the 
point 
that 
the 
regulated 
power 


supply 
output 
can 
react 
to the 
change 
in load. 
In 


order 
to reduce 
the 
ESR, 
it may 
be necessary 
to 


place several bulk storage capacitors 
in parallel. 


These 
capacitors 
should 
be 
placed 
near 
the 


processor 
(on the 3.3V plane and the 2.9V (3.1V for 


150 
MHz) 
plane 
(or 
island)) 
to ensure 
that 
these 


supply 
voltages 
stay 
within 
specified 
limits 
during 


changes 
in the supply current during operation. 


For more detailed 
informations, 
please 
contact 
Intel 


or 
refer 
to 
the 
Pentium® 
Processor 
with 
Voltage 


Reduction 
Technology: 
Power 
Supply 
Design 


Considerations 
for Mobile 
Systems 
application 
note 


.(Order Number 242558). 


7.1.4.3. 
Connection 
Specifications 


All NC pins must remain unconnected. 
Refer to Table 


35 for a listing of NC pins. 


All RESERVED 
pins must remain unconnected. 


For reliable operation, 
always connect 
unused 
inputs 
to an 
appropriate 
signal 
level. 
Unused 
active 
low 


inputs should 
be connected 
to Vcc3. 
Unused 
active 


high inputs should be connected 
to ground. 


7.1.4.4. 
AC Timings 


Follow Table 15 or 16 for the SPGA Pentium 
processor 
with voltage reduction technology 
AC 


timing changes for 60-MHz bus operation. 
Follow 
Table 17 for the SPGA Pentium processor 
with 


voltage reduction technology 
AC timing for 66-MHz 


bus operation. 
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7.1.5. 
THERMAL 
SPECIFICATIONS 


The SPGA Pentium 
processor 
with voltage reduction 
technology 
is specified for proper operation 
when the 
case temperature, 
TCASE (TC) is within the specified 
range of 0 ·C to 85 ·C. 


7.1.6. 
SPGA PACKAGE 
DIFFERE 
NCES 


The SPGA Pentium 
processor 
with voltage reduction 
technology 
package 
has 
a 
pin 
array 
that 
is 
mechanically 
identical 
to the 
SPGA 
version 
of the 
3.3V Pentium, 
but some pins need to be connected 
differently. 
Also, 
there 
are small 
differences 
in the 
package dimensions. 


7.1.6.1. 
Pinout 


Table 
35 
lists 
the 
SPGA 
Pentium 
processor 
with 
voltage 
reduction 
technology 
pins that 
are different 
from the SPGA 
3.3V Pentium 
processor. 
Figure 
21 
depicts the pin side SPGA pinout diagram. The Vcc2 
pins 
are 
3.3V 
Vcc 
pins 
for 
the 
3.3V 
Pentium 
processor, 
but will be 2.9V (3.1V for 150 MHz) Vcc2 
pins for the SPGA 
Pentium 
processor 
with voltage 
reduction 
technology. 
The NC pins correspond 
to the 
unused 
(for mobile) functions 
listed in Table 1. They 
should be left unconnected. 
Connection 
of these pins 
may result in component 
failure or incompatibility 
with 
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processor 
steppings. 
For 
a 
brief 
functional 
description 
of 
the 
remaining 
pins, 
please 
refer 
to 
Tables 3 and 4. For Input and Output pins reference, 
please refer to Table 6, 7 and 8. 


7.1.6.2. 
Package 
Dimensions 


The 
Pentium 
processor 
with 
voltage 
reduction 
technology 
implements 
an 
SPGA 
package 
that 
removes 
the 
Heat 
spreader 
from 
the 
top 
of 
the 
package. 
The package 
is mechanically 
equivalent 
to 
the package 
used on the 3.3V Pentium processor 
C2 
stepping 
except 
that the SPGA 
Pentium 
processor 
with voltage 
reduction 
technology 
will use the metal 
lid instead 
of a ceramic 
lid, and has the dimensions 
shown in Figure 22. 


7.1.7. 
1/0 BUFFER 
MODELS 


The 1/0 buffer models provided 
in Section 4.4 of this 
document 
apply to both the TCP and SPGA Pentium 
processor 
with 
voltage 
reduction 
technology 
packages, 
although 
the 
capacitance 
(Cp) 
and 
inductance 
(Lp) parameter 
values 
differ between 
the 
two 
packages. 
For SPGA 
Pentium 
processor 
with 
voltage 
reduction 
technology 
values, 
refer 
to 
the 
Pentium® 
Processor 
Family 
Developer's 
Manual, 


Volume 
1: Pentium® Processors. 
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Table 35. 
8PGA 
Pentium 
® Processor 
with Voltage 
Reduction 
Technology 
V 
cc2 and V cc3 Pins 


VCC2· 


A17 
A07 
001 
AA01 
AN11 


A15 
G01 
801 
AC01 
AN13 


A13 
J01 
U01 
AE01 
AN15 


A11 
L01 
W01 
AG01 
AN17 


A09 
N01 
Y01 
AN09 
AN19 


VCC3 


A19 
A27 
AE37 
AN25 
G37 
N37 
U33 


A21 
A29 
AG37 
AN27 
J37 
037 
U37 


A23 
AA37 
AN21 
AN29 
L33 
837 
W37 


A25 
AC37 
AN23 
E37 
L37 
T34 
Y37 


NC·· 


A37 
AE03 
AN35 
035 
W33 


AA03 
AE35 
H34 
R34 
W35 


AC03 
AL19 
J33 
833 
Y03 


AD04 
AM02 
L35 
835 
Y35 


NOTE: 


"These 
Vcc2 
pins are 3.3V Vcc pins for the SPGA 3.3V Pentium~ 
processor. 
For the SPGA Pentium 
processor 
with voltage 
reduction 
technology, 
these pins are 2.9V (3.1V for 150 MHz) Vcc2 supplies 
for the SPGA core. 


"These 
NC pins should 
be left unconnected. 
Connection 
of these pins may result in component 
failure or incompatibility 
with 
processor 
steppings. 
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Figure 
21. SPGA Pentium 
® Processor 
with Voltage 
Reduction 
Technology 
Pinout 
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Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
3.27 
3.83 
Ceramic 
Lid 
0.129 
0.151 
Ceramic 
Lid 


A1 
0.66 
0.86 
Ceramic 
Lid 
0.026 
0.034 
Ceramic 
Lid 


A2 
2.62 
2.97 
0.103 
0.117 


B 
0.43 
0.51 
0.017 
0.020 


D 
49.28 
49.78 
1.940 
1.960 


D1 
45.59 
45.85 
1.795 
1.805 


D3 
24.00 
24.25 
Includes 
Fillet 
0.945 
0.955 
Includes 
Fillet 


e1 
2.29 
2.79 
0.090 
0.110 


L 
3.05 
3.30 
0.120 
1.130 


N 
296 
Total Pins 
296 
Total Pins 


S1 
1.52 
2.54 
0.060 
0.100 


Table 36. 
296·Pin 
Ceramic 
Pin Grid Array: 
The Package 
Dimensional 
Specification 
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1.0. 
INTRODUCTION 


This 
document 
explains 
the 
voltage 
specifications, 
recommends 
solutions 
for supplying 
consistent 
po,wer, 
and 
suggests 
validation 
techniques 
to ensure 
robust 
Pentium® 
processor 
with 
MMXTM technology-based 
systems. 


The Pentium 
processor 
with MMX technology 
uses a 
split power 
plane with separate 
voltage 
islands 
for the 
core and VO. The split power plane has separate 
VCC2 
pins 
connected 
to the core 
voltage 
island, 
while 
the 
Vccj pins are connected 
to the 110 voltage island. 


This document 
contains 
guidelines 
for measuring 
Vcc 
noise 
levels on the VCC2 (2.8V) 
plane 
of the Pentium 
processor 
with 
MMX 
technology. 
The 
document 
outlines 
measurement 
procedures 
for 
a 
Pentium 
processor 
with MMX 
technology 
system 
running 
at 
233 MHz. 
The 
VCC2 specification 
for the core is the 
2.7V to 2.9V range. The VCCJ specification 
for the 110 
voltage 
island 
uses 
the 
standard 
3.3 V 
range 
from 
3.135V 
to 
3.6V. 
For 
voltage 
transient 
measurement 
information 
on 
Pentium 
processors, 
refer 
to 
the 
application 
note, 
Implementation 
Guidelines 
for 
Pemiums 
Processors 
with 
VRE Specifications, 
Order 
Number 242687. 


This document contains six key sections: 


1. 
Section 
2.0 
discusses 
the 
core 
and 
110 
specifications. 
This 
chapter 
also 
gives 
an 
overview 
of some 
important 
system 
design 
and 
voltage 
measurement 
considerations 
associated 
with 
Vcc. 
The 
consequences 
of 
specification 
violations 
are also discussed. 


2. 
Section 
3.0 
deals 
with 
the 
power 
supply 
and 
regulation. 
It contains voltage regulator 
and power 
supply 
recommendations 
to 
ensure 
a 
robust 
system 
design. 
In addition, 
this chapter 
contains 
detailed 
bulk 
and 
high-speed 
decoupling 
recommendations 
for Pentium processor designs. 


3. 
Section 
4.0 
explains 
the 
proper 
measurement 
techniques 
to 
verify 
that 
systems 
meet 
their 
respective 
voltage 
specifications. 
These 
measurement 
techniques 
apply 
to 
all 
Pentium 
processors. 
Sample 
measurement 
results 
are 
shown in this chapter. 
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4. 
Appendix 
A 
provides 
information 
on 
how 
to 
obtain and use the recommended 
"stress" code for 
voltage noise measurements. 


5. 
Appendix 
B provides 
a list of third party vendors. 
These 
vendors 
include 
suppliers 
of 
regulators, 
resistors, capacitors, 
and sockets 


6. 
Appendix 
C provides 
worksheets 
for recording 
measurements. 


2.0. 
SPECIFICATIONS 


2.1. 
The Core and VO Specification 


The Pentium 
processor 
with MMX 
technology 
has a 
split power 
plane 
with the core operating 
at 2.8V and 
the 1/0 operating 
at 3.3V. The VCC2DET# 
pin defined 
on the Pentium processor 
with MMX technology 
is used 
to indicate 
to the voltage regulator 
the correct processor 
core voltage of2.8V 
(VCC2plane). The VO should meet 
the standard 
3.3V specifications 
for the voltage 
supply 
requirements. 
Both the core 
and 
110 have 
strict 
Vcc 
requirements 
and are very sensitive 
to voltage 
supply 
noise and transients. 


NOTE 


Any 
overshoot 
or 
undershoot 
beyond 
the 
voltage 
range 
(at a measurement 
bandwidth 
of 
20 
MHz) 
is 
outside 
specifications. 
Transient 
excursions 
beyond 
the specified 
voltage 
range 
may 
result 
in unstable 
system 
behavior. 
The 
measuring 
techniques 
are 
also 
specified 
in 
Section 
4.0 and should 
be followed 
to ensure 
consistent 
and 
accurate 
measurements. 
The 
complete 
specifications 
shown 
above 
must 
be 
met to ensure 
a robust 
Pentium 
processor 
with 
MMX technology-based 
platform. 


All measurements 
must be made and guaranteed 
at the 
back of the motherboard 
at the processor 
socket 
pins. 
The 
voltage 
specifications 
assume 
an 
oscilloscope 
measurement 
bandwidth 
of 
20 
MHz. 
For 
complete 
measurement 
specifications, 
see Section 4.4. 
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To 
compensate 
for 
the 
small 
transient 
tolerance, 


platforms must use accurate voltage regulators and 
adequate local decoupling capacitors. During worst-case 
transient conditions (transition into and out of Stop-Grant 
mode or HALT Power Down mode), current supplied to 
the processor can change by several amperes in tens of 
nanoseconds. Since power supply units and voltage 
regulators can, at best, respond in a time frame on the 


.••••'1.•..u.•.... 
u 
..v 
",,",L 
U03 
\..U.u~lll 
lC::tCl vurrs unnJ me 
power 
supply unit or voltage regulators compensate for the new 
load. Due to the high-speed operation of the Pentium 
processor, high-frequency capacitors are also required to 
filter the excessive noise components. Failure to provide 
adequate 
power 
regulation 
during 
any 
transient 


conditions may result in undershoot 
and overshoot 


beyond the voltage specifications of the processor. 


2.7V 
Core Voltage 
2.9V 
Range 


3.135V 
110 Voltage Range 
3.60V 


318601 


Figure 1. The Core and 1/0 Voltage Specifications 
for Pentiun1!l Processors 
with MMXTM 
Technology 
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Trace 
Execution 
Time 
= I hour 
59 
minutes 
and 
8 seconds 


2.2. 
TypicalApplicationBehavior 


Figure 2. Rapid Fluctuations 
of System 
Power during Active Operation 
(BAPC093*) 


Poorly designed 
desktop 
and server systems 
will violate 
voltage 
specifications 
during 
normal 
operation. 
An 


unusual 
application 
instruction 
mix 
can 
cause 
large 
current spikes 
from clock cycle to clock cycle. Figure 
2 
shows 
the 
rapid 
fluctuations 
of system 
power 
during 


execution 
of 
a 
BAPC093* 
benchmark 
trace 
on 
the 
Pentium 
processor 
(BAPC093 
is a system 
benchmark 


used 
for measuring 
system 
performance). 
These 
quick 


transitions 
in current 
occur 
in a shorter 
time frame than 


that in which the power supply 
unit or voltage 
regulator 


may 
be 
able 
to respond. 
Worst-case 
transients 
occur 


during 
the transition 
into or out of a low power 
state. 


Figure 
3 shows 
an oscilloscope 
trace of a system 
using 


STPCLK# 
assertionldeassertion 
to enter/exit 
the 
Stop- 


Grant 
state. When 
STPCLK# 
is deasserted, 
the supply 
voltage 
"droops" 
due 
to 
ESL 
and 
ESR 
effects 
(see 
Section 
3.6), and because 
the 
voltage 
regulator 
cannot 


respond 
quickly 
enough 
to 
the 
large, 
instantaneous 
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change 
in current. Similarly, 
when STPCLK# 
is asserted, 


the 
system 
enters 
Stop-Grant 
state, 
and 
the 
supply 
voltage 
"surges" 
because 
of ESLlESR 
effects 
and 
the 


large 
instantaneous 
changes 
in 
current. 
Droops 
and 
surges also occur in systems 
with proper decoupling, 
but 


to a lesser extent. 
The system 
also has high-frequency 


noise due to high operation 
speed of the internal core. 


NOTE 


Violating 
the 
voltage 
specifications 
by 


undershooting 
or overshooting 
the voltage 
range 


will result in unreliable 
and unstable behavior. 


The consequences 
of voltage 
specification 
violations 
are 
explained 
in 
the 
next 
section. 
In 
Section 
3.0, 


recommended 
techniques 
for 
providing 
accurate 


regulation 
and 
proper 
decoupling 
to ensure 
a robust 


platform are reviewed. 
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Notioe the droop in 
the voltage 
when 


eHi.ingthe Stop Gran. 
Stilt& and the surge 


w hen entering 
the 
Stop 
C3t'ant State. 


These 
Noise- transilM'ts 


resul. inunrelable 
and Lnstable system 
behallior. 


318603 


2-206 


PCLK# 1 
asserted t 


TP:CLt;# 
Deasserted 


"-;--';-++-++-+++-+-++'-i'-+-i-+-H;~ 


+ 


CH1= 
STPCLKII 


CH2= 
Vcc2/Vss pair 


Vcc2 should always 
bein.he2.7V 
-2.SV 


rang. 


Figure 3. Voltage "Droop" and "Surge" when Toggllng STPCLK# 


2.3. 
VoltageSpecification 
Violations 


Transient 
excursions 
outside 
of the 
specified 
voltage 


range may result in unstable 
system behavior. 
Excessive 


and 
sustained 
surges 
can 
cause 
hot 
electron 
related 


effects 
and 
compromise 
the 
reliability 
of the 
device. 


Transients 
may 
also cause 
timing 
violations, 
which 
in 


turn may lead to a failure in the system. 


We have seen instances 
of a system 
failure 
because 
of 


excessive 
V cc transient noise. 


Extensive 
die probing 
experiments 
show 
the frequency 


components 
of 
noise 
that 
can 
be 
damped 
on 
a 


motherboard 
by 
adding 
decoupling 
capacitors. 
Data 


collected 
through 
these 
experiments 
showed 
that 
only 


noise components 
less than 20 MHz were reduced 
on the 


die 
by 
decoupling 
capacitors 
added 
externally. 
As 
a 


result, 
the 
recommended 
oscilloscope 
measurement 


bandwidth 
has been adjusted to 20 MHz (see Section 4.2 


for details). 
. 


3.0. 
THE POWERSUPPLY 


Unless 
using a 2.8V power 
supply, 
supplying 
power 
to 


the 
2.8V 
core 
of the 
Pentium 
processor 
with 
MMX 


technology 
requires 
a 5V to 2.8V voltage 
regulator 
or a 
3.3V to 2.8V voltage 
regulator. 
The power 
supply 
pins 
on the Pentium 
processor 
with 
MMX 
technology 
are 


'separated 
into VCC2and VCC3 pins. These 
pins must be 
connected 
appropriately 
to the 
processor 
core 
voltage 
island 
and 
the 
processor 
VO voltage 
island 
on 
the 


motherboard. 
The 
Pentium 
processor 
with 
MMX 


technology 
requires 
6.5A at 2.8V (233 MHz) for its core 


from the supply 
voltage 
solution. 
The 3.3V 110 voltage 


has to be supplied by the system (either through the 3.3V 
power supply or through 
a 3.3V voltage 
regulator 
on the 


motherboard). 


Robust 
local 
decoupling 
must 
be 
provided 
to 
accommodate 
the 
transition 
to 
and 
from 
low-power 


modes. 
It is important 
to select 
the components 
for the 


voltage regulation 
circuitry 
to' be as accurate 
as possible. 


As shown 
below, 
selecting 
accurate 
components 
will 


allow larger voltage transients. 
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Vcc Specs = 
Voltage 
Regulator 
Accuracy 


+ Support Component 
Accuracy 


+ Thermal 
Drift and Aging Effects 


+ Measured 
Voltage 
Transient 


The VCC2 specification 
allows 
a total voltage 
budget 
of 
200 mY. It is important 
to understand 
the voltage budget 


must include 
any deviation 
in the voltage 
regulator, 
the 
inaccuracy 
of its supporting 
components, 
and other non- 
ideal 
behavior 
of real components. 
When 
designing 
a 
platform, 
these DC factors 
must be subtracted 
from the 
total Vcc budget. 
The remaining 
allowance 
should 
be 
targeted 
when 
measuring 
the 
voltage 
transient 
(an 


example 
is shown in Section 4.5). It is important 
to select 


accurate 
voltage 
regulators 
and 
precise 
support 


components 
to allow maximum 
voltage transients. 


3.1. 
Selecting an Accurate Power 
Supply Unit 


The power supply unit must provide 
a minimum 
setpoint 
equal 
to, or higher 
than, 
the 
minimum 
input 
voltage 
required 
by the regulator. 
Off-the-shelf 
5V power supply 
units 
with 
a 5% accuracy 
specification 
can 
meet 
the 
typical 
4.75V 
requirement 
of most regulators. 
Figure 
4 
shows that a 5V power supply 
unit with an accuracy 
of 
10% may provide 
a setpoint 
as low as 4.5V and fail the 


minimum 
input 
requirement 
of a voltage 
regulator. 
If 
using 
a less accurate 
power 
supply 
unit, the minimum 
setpoint 
must be raised to meet or exceed 
the minimum 


input 
voltage 
required 
by 
the 
voltage 
regulator. 
If a 
voltage 
regulator 
requires 
an input voltage 
higher 
than 
4.75V, consider 
choosing 
a more accurate 
power supply 
unit to raise the minimum 
setpoint. 


Sufficient 
decoupling 
must 
be 
provided 
between 
the 
power supply unit and the voltage 
regulator 
to minimize 
any noise. The disturbance 
on the 5V power supply 
unit 
may exceed 
the specification 
of TIL 
logic devices 
if the 
decoupling 
capacitance 
is insufficient. 


5.50V 


5.25V 


5VDC 
Power 


Supply Unit 
4.75V 
4.50V 


out 


Voltage 
Regulator 
Power Supply 
Min Setpoint 


z 
Min Input 
Voltage 


5V 
2.8V 


in 
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Figure 
4. Setpoint 
Requirement 
of Power 
Supply 
for a 5V to 2.8V Voltage 
Regulator 


3.2. 
Selecting an Accurate Voltage 
RegUlator 


There are two types of voltage 
regulators: 
switching 
and 


linear. Switching 
regulators 
provide power by pulsing the 
voltages 
and currents to the load, thus resulting 
in lower 


heat 
dissipation 
and 
higher 
efficiency. 
Switching 
regulators 
are 
however 
generally 
more 
expensive 
and 


require 
more 
supporting 
components 
than 
linear 


regulators. 
Linear 
regulators 
essentially 
are 
voltage 


dividers 
and 
provide 
power 
by 
"dividing 
down" 
the 
5V/3.3V 
inputs 
to 
2.8V 
outputs. 
Linear 
regulators 
dissipate 
more 
power, 
but 
are 
less 
expensive 
and 


typically require only two additional 
(feedback) 
resistors. 
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Unless the system has strict thermal 
requirements, 
linear 


regulators 
generally 
are suited for high-volume 
designs. 


Both types of regulators 
can meet the VCC2 voltage range 


if they 
have 
accurate 
outputs 
and 
precise 
supporting 
components. 
Table 2 compares 
the two types of voltage 


regulators 
and shows 
that linear regulators 
are cheaper 


than switching 
regulators 
and also require 
less additional 


components, 
but dissipate more power. 


An inaccurate 
regulator 
leaves 
little room 
for transient 


tolerance. 
For 
example, 
V CC2 specifications 
allow 
a 
voltage 
regulator 
solution 
to deviate 
only 
±3.5 
percent 
(2.7V 
to 2.9V) 
from the nominal 
regulator 
setpoint 
of 
2.8V. 
Static 
specifications 
such 
as 
line 
regulation, 
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temperature 
drift, and the initial setpoint 
must be held to 


I% if any transient 
is to be permitted 
at all. Table 
3 


shows 
sample 
voltage 
regulator 
module 
accuracy 
for a 


Pentium 
processor 
with 
MMX 
technology-based 
platform. 


Table 2. Comparison 
of Voltage 
Regulators 


Linear 
Regulator 
Switching 
Regulator 


Characteristics 
(Typical) 
5Vto 
3.3V 
5V to 2.8V 
5Vto 
3.3V 
5Vto 
2.8V 


Maximum 
Efficiency 
67% 
56% 
95% 
90% 


Maximum 
Power Dissipation 
33% 
44% 
5% 
10% 


Supporting 
Components 
2 to 6 
2 to 6 
5 to 12 
5 to 12 


(feedback 
(feedback 
(feedback 
resistors, 
(feedback 
resistors, 


resistors) 
resistors) 
MOSFET 
switches, 
MOSFET 
switches, 


inductor, 
diode, caps) 
inductor, diode, caps) 


Approximate 
Total Cost 
Moderate 
Moderate 
Moderately 
High 
Moderately 
High 


Table 3. Recommendations 
for 
Linear 
Voltage 
Regulator 


Parameters 
Total 
Maximum 
Accuracy 
Deviation 


Voltage 
Regulator 
±1.0% 
±28mV 
Setpoint 
+ 


Feedback 
Resistors 
±0.2% 
±5.6 mV 


+ 


Thermal 
Drift, 
±0.1% 
±2.8 mV 


Aging Effects 


= 
= 
= 


Total Variation 
±1.3% 
±36.4mV 


Based 
on calculations 
in Section 
4.5 for Table 
3, the 
noise 
transient 
of 
the 
processor 
should 
not 
exceed 


±63.6 mV 
(assuming 
the 
serpoint 
is 2.8V). 
There 
are 
direct tradeoffs 
between 
the accuracy 
of the regulator 
and 


the amount 
of local decoupling. 
Using 
a less accurate 
regulator 
requires 
more 
accurate 
dividing 
resistors 
and 


more 
decoupling. 
Conversely, 
using 
high-ESR, 
quick- 


aging 
capacitors 
necessitates 
accurate 
regulators. 
The 
next 
section 
recommends 
the 
bulk 
and 
high-speed 


decoupling 
required 
to ensure a robust Pentium processor 


with 
MMX 
technology-based 
platform. 
The 


recommendations 
were based 
on extensive 
simulations 
and empirical 
measurements. 


3.3. 
Oecoupling 


The small size of the processor 
core voltage 
island, 
its 


isolation 
from the motherboard 
power plane, and support 


2-20B 


of varied 
voltage 
requirements 
make 
proper 
decoupling 
of the 
island 
power 
plane 
voltage 
and 
ground 
plane 
essential. 
Appropriate 
decoupling 
capacitors 
are required 
on the voltage island near the processor 
to ensure that the 
processor 
voltage 
stays 
within 
specified 
limits 
during 
normal 
and transient 
conditions. 
There 
are two types of 


decoupling 
that need to be considered: 
bulk decoupling 
and high-frequency 
decoupling. 


3.4. 
Bulk Oecoupling 


For 
the 
processors 
supported 
on 
the 
flexible 


motherboard, 
the power consumption 
can transition 
from 
a low level to a much higher 
level (or vice versa) 
very 


rapidly. 
This 
can 
happen 
during 
normal 
program 
execution; 
however, 
a higher 
surge of current 
typically 


occurs 
when 
entering 
or exiting 
the 
Stop-Grant 
state. 


Another 
example 
is when executing 
a HALT instruction 
which 
causes 
the 
processor 
to enter 
the 
AutoHAL T 
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Power Down state, or transition 
from HALT back to the 


Normal 
state. 
(Note 
that the AutoHALT 
Power 
Down 


feature 
is 
always 
enabled 
even 
when 
other 
power 


management 
features 
are not implemented.) 
All of these 


examples 
may 
cause 
abrupt 
changes 
in 
the 
power 


consumed 
by 
the 
processor. 
As 
the 
voltage 
supply 
(regulator) 
cannot 
respond 
to. a sudden 
load 
change 
instantaneously, 
bulk storage 
capacitors 
'with 
low ESR 


(Effective 
Series Resistance) 
are required 
to maintain 
the 
regulated 
supply voltage 
during 
the 
interval 
that 
falls 
between 
the time the current 
load changes 
and the point 


that the regulated 
power 
supply 
output 
can react to the 


change 
in load. In order 
to reduce 
the ESR, it may be 
necessary 
to place 
several 
bulk 
storage 
capacitors 
in 
parallel. 


3.5. 
High-Frequency 
Oecoupling 


High-frequency 
decoupling 
is 
required 
to 
provide 
a 


short, 
low 
impedance 
path 
to 
high-frequency 


components 
such 
as high 
current 
spikes 
in 
order 
to 


minimize 
noise. The processor 
driving 
its large address 


and data buses 
at high frequencies 
can cause' transient 
power surges, 
particularly 
when driving 
large capacitive 


loads. 


For 
high-frequency 
decoupling, 
low 
inductance 


capacitors 
and interconnects 
are recommended 
for best 


high-speed 
electrical 
performance. 
Inductance 
can 
be 


reduced 
by shortening 
circuit 
board 
traces 
between 
the 


processor 
and decoupling 
capacitors 
as much as possible. 


Surface 
mount 
capacitors 
are preferable, 
as capacitors 


with 
long 
leads 
add 
inductance 
to 
the 
circuit. 
The 
capacitors 
should be of RF grade, with low ESR and low 


inductance 
to reduce spikes. 


3.15. 
Oecoupling 
Recommendations 


Table 
4 
shows 
the 
processor 
decoupling 


recommendations 
for the flexible 
rnotherboard 
for both 
the processor 
core and I/O voltage 
islands. 
This is based 
on simulation 
and testing 
of the voltage 
transients 
from 
the processor and the effects of motherboard 
decoupling. 


Spice modeling 
(modeling 
worst case current 
transients 


including 
the processor 
package 
inductance, 
capacitance, 


routing, 
decoupling, 
voltage 
regulator 
output inductance, 


etc.) should be used to estimate the amount of decoupling 
capacitance 
required for the processor voltage island. 


It is advised 
that before 
committing 
to any change 
from 
the 
decoupling 
capacitor 
recommendation, 
the 
new 


solution 
be 
simulated 
for the' variety 
of 
variables 
in 
components, 
temperature 
and lifetime degradation. 


Table 4. Oecoupling 
Recommendations 
for Processor 
Core and 1/0 Voltage 
Islands 


Quantity 
Value 
ESR 
ESL 
Type 


Processor 
Core Voltage 
4 
100 IJF 
25 mOhms 
(1) 
0.45 nH (3) 
Tantalum 
Island 


25 
1.0 IJF 
0.6 mOhms 
(2) 
0.084 nH (4) 
X7R dielectric, 
ceramic 


Processor 
I/O Voltage 
12 
0.1 IJF 
603 Type 
Island 
(5) 
'.' 


NOTES: 
1. 
ESR per capacitor should be less than 100 mOhms. 


2. 
ESR per capacitor should be less than 15 mOhms. 
3. 
ESL per capacitor (including 0.7 nH Via inductance per capacitor) should be less than 2.7 nH. 


4. 
ESL per capacitor (including 0.7 nH Via inductance per capacitor) should be less than 2.1 nH. 


5. 
This does not include decoupling for components 
other than the processor 
in the 3.3V 1/0 voltage island. 


For 
bulk 
decoupling, 
tantalum 
capacitors 
are 


recommended 
over 
electrolytic 
capacitors. 
In general, 


electrolytic 
capacitors 
degrade 
at a much faster rate, are 


not as accurate, 
and are not as stable over temperature 
as 


tantalum capacitors. 


For high-speed 
decoupling 
in the processor 
core voltage 


island, low inductance, 
1j.tF capacitors 
of X7R dielectric 
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are recommended. 
These 
capacitors 
not only 
decouple 
the 
processor 
core 
for 
high-frequency 
noise 
but 
also 
control 
the voltage 
during 
very fast transients 
(less than 
100 ns.) 
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3.7. 
Placement of Oecoupling 
Capacitors 


Figure 5 shows an example of how the recommended 
processor decoupling capacitors shown in Table 4 would 
be placed on the .respective voltage islands on the 
flexible motherboard. The bulk capacitors should be 
placed near the processor inside the voltage island to 
ensure that the supply voltage stays within specified 
limits during changes in the supply current during 
operation. The Iuf', X7R capacitors should be evenly 
distributed inside the processor core voltage island inside 
and around the processor footprint. 


intet 


Figure 5 also shows the twelve 0.1 ~F capacitors evenly 
placed around the processor, close to the processor VCC3 
pins inside the processor VO voltage island. 


In this example, all the capacitors were placed on one 
side of the board. If components are assembled on both 
sides of the 
board, 
then 
these 
capacitors 
can 
be 
distributed between the top and bottom sides. If done this 
way, vias connecting the capacitor pads to the power and 
ground layer can be shared between the capacitors on the 
top and bottom sides. This can help reduce the total 
overall capacitor inductance. The traces connecting the 
vias to the capacitor pads should be kept as short as 
possible. In cases where it is difficult to reduce the length 
of the circuit board trace, the trace should be made wider 
so as to reduce the trace inductance. 


: 


100 IlF Tantalum 


1.0 IlF X7R (1206) 


0.1 IlF (603) 


-- - 
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Figure 
5. Example 
of Processor 
Oecoupling 
Capacitor 
Placement 


3.8. 
ESRand ESL: Why Less is 
Better 


Effective Series Resistance (ESR) and Effective Series 
Inductance (ESL) are elements of non-ideal behavior of 
real components. The ESR and ESL determine how 
quickly a capacitor can source current to regulate a new 


load. More importantly, the ESR must be low enough at 
high frequencies to not offset the desired filtering effects 
of bulk decoupling capacitors. For a given current 
transient, the voltage transient is proportional to the ESL 
and ESR. The use of capacitors with high ESR and ESL 
hence contributes to higher voltage transients and may 
cause 
overshooting 
or 
undershooting. 
Aluminum 
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electrolytic 
capacitors 
degrade 
at 
a 
relatively 
low 
frequency. 
Low 
ESR 
tantalum 
caps 
can 
retain 
ESR 
specifications 
up to about 
I MHz to 10 MHz. Low ESR 


ceramic 
capacitors 
can retain 
ESR specifications 
up to 
IQOMHz. 


Do 
not 
reduce 
the 
quantity 
of 
capacitors 
shown 
in 


Table 4 if substituting 
with capacitors 
with a larger value. 
When placed in parallel, 
two 220 ~F tantalum 
capacitors 
may 
have 
higher 
ESR 
than 
four 
100 ~F capacitors. 
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Placing 
capacitors 
in parallel 
reduces 
the 
maximum 
overall 
ESR. Therefore, 
many 
caps in parallel 
may be 
required to ensure a low enough overall ESR. 


4.0. 
TAKINGVOLTAGE 
MEASUREMENTS 


4.1. 
Creating Worst-Case Transient 
Excursion 


The 
recommendations 
for 
regulators 
and 
local 
decoupling 
can 
be 
validated 
by 
creating 
worst-case 
supply 
transient 
conditions 
and 
measuring 
accurately. 
Worst-case 
transients 
may be generated 
by toggiing 
the 
STPCLK# 
and executing 
the "hi_pwr2.exe" 
program 
on 
a Pentium 
processor 
with 
MMX 'technology 
(refer 
to 
Appendix 
A for an explanation 
of the 
"hi_pwr2.exe" 
program). 
Table 5 contains 
a summary 
of the procedure 
explaining 
the steps for creating 
the worst-case 
transient 
conditions. 


Table 5. Summary 
for Creating 
Worst-Case 


Transient 


Step 
Action 


A 
Install 233 MHz Pentiu~ 
processor 
with 


MMXTM technology. 


B 
Set up the measurement 
system as 


described 
in Figure 9. 


C 
Set oscilloscope 
as shown in Table 6 te 


obtain the voltage transient 


0 
Assert and deassert 
STPCLK#. 


E 
Measure 
Vcc as shown in Table 7 to obtair 


the voltage transient. 
The voltage transien 


must not overshoot 
2.9V, or dip lower thar 


2.7V for VCC2planes . 


F 
.Assert and deassert 
STPCLK# 
while the 
"hUlwr2.exe' 
program 
is executing. 


Measure vcc transients 
as in Step Five. 


4.2. 
MeasurementTechnique 


All transient 
measurements 
must be taken at the back of 
the 
motherboard 
at 
the 
processor 
pins. 
Measuring 


transients 
at a different 
location 
will result in inaccurate 


readings. 
For accurate 
readings, 
all probe 
connections 
must be clean. Shorten 
the ground 
lead of the probe 
to 
minimize 
any extra 
inductance. 
Figure 
6A proposes 
a 
solution 
by providing 
a short 
loop of wire around 
the 
ground shield of the probe. 
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NOTE 


Figure 
6B is an example 
of how not to perform 


measurements; 
the ground cable of the probe will 


add 
significant 
noise 
to 
the 
transient 


measurements. 


Table 6. Recommended Oscilloscope Settings to 
Capture Voltage Transients 


Bandwidth 
20 MHz 


Sampling 
Rate 
;:: 100 Million Samples, 
Second 


Vertical 
Reading 
S; 20 mV / division 


Horizontal 
Reading 
;::500 ns / division 


Display 
Infinite Persistence 
I 
Envelope 
Mode 


The Pentium 
processor 
specifications 
outline 
a set of 12 


pins for voltage measurements. 
The Vcc1fVss 
pairs to be 


measured 
are 
A171B20, 
A7IBI0, 
GIIK2, 
SIN2, 


AClfZ2, 
AN13/AMIO. 
The VCC3NSS pins that should be 
measured 
according 
to 
the 
specifications 
are 
AN211AMI8, 
AN29/AM26, 
AC37fZ36, 
U371R36, 


L371H36, 
A251B28. 
These 
pins 
are 
a 
subset 
of 
all 
VccfV ss pairs, and hence should not be singled out when 
placing decoupling 
capacitors. 


The scope settings 
shown 
in Table 
6 are recommended 


for 
accurate 
measurements. 
Extensive 
die 
probing 


experiments 
were performed 
on Pentium 
processors 
with 
MMX technology. 
These experiments 
concluded 
that any 


noise components 
less than 20 MHz could be reduced 
on 


die 
by 
decoupling 
capacitors 
added 
externally. 


Therefore, 
the 
measurement 
bandwidth 
of 
the 
scope 
should 
be 
set 
at 


A 


Corred 
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B 


Not Caredll! 


Figure 6. Correct and Incorrect Probe Connections for Measuring Vcc Transients 


20 MHz, although 
a probe with a bandwidth 
of at least 


250 MHz 
should 
be used. 
This high 
bandwidth 
probe 
ensures 
a total 
effective 
bandwidth 
of 20 
MHz. 
The 
trigger point should be set in the middle of the range and 
slowly 
moved 
to both 
the high 
and 
low 
ends 
of the 
voltage 
specification 
range. 
A 
vertical 
reading 
of 
20 mY/division 
ensures 
an accurate 
reading 
and display 
of the transient 
waveform. 
The 
display 
should 
be set 
either 
on infinite 
persistence 
or envelope 
mode. 
The 


advantage 
of using 
infinite 
persistence 
as compared 
to 
envelope 
mode 
for 
this 
measurement 
is that 
random 


noise 
points 
can 
be 
ignored 
in 
infinite 
persistence 
readings. 
Envelope 
mode makes the display 
crispier 
and 


the cursor can be positioned 
more accurately. 
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4.3. 
STPCLK# Toggling 


It is necessary 
to assert and deassert the STPCLK# 
signal 


while executing 
the "hi_pwr2.exe" 
program 
to create the 


worst-case 
transient 
conditions. 
Asserting 
the STPCLK# 
signal will place the processor 
into the Stop-Grant 
state 
(consuming 
about 
15% of active 
current). 
Deasserting 


the 
STPCLK# 
signal 
will 
return 
the 
processor 
to the 


Normal 
state. To simulate 
actual 
system 
behavior, 
Vcc 
should 
be 
stabilized 
before 
asserting 
or 
deasserting 


STPCLK# 
as 
shown 
in 
Figure 
7. 
Asserting 
and 


deasserting 
STPCLK# 
too 
rapidly 
may 
generate 


unrealistic 
voltage 
transients. 
There 
are 
no 
minimum 


time specifications 
required 
to stabilize 
Vcc 
since 
the 
estimated 
time is highly dependent 
on the system 
(length 


1998 Pentiurrf'Y Processor 
Databook 


intet 
AP-580 
/ Voltage Guidelines 
For Pentium@ Processors 
with MMXTM Technology 


of current instruction, outstanding write cycles, response 
time of voltage regulator, and accuracy and quantity of 
decoupling). In general, STPCLK# should be asserted 
and deasserted at a rate of 200 Hz to 100kHz. 


STPCLK# toggling is most easily accomplished using a 
standard function generator. Empirical measurements 
show that frequency variations from 200 Hz to 100 kHz 
do 
not 
impact 
Vcc 
measurements. 
For 
ease 
of 


measurement, toggling the STPCLK# between those 
frequencies is recommended. For toggling the STPCLK# 
with a standard frequency generator, a square wave 
should be generated with 3.3V peak, and a duty cycle in 
the 25% to 75% range. 


If a function generator is not available, alternative means 
may be used for toggling the STPCLK#. Figure 8 
illustrates a simple 555 Timer circuit which can be used 
to produce a square wave with its duty cycle determined 
by R2 and RI and the frequency controlled by the 
capacitor C. 


• 
Duty Cycle = (RI + R2) / (RI + 2R2) * 100 


• 
Frequency = 1.44/ (R1 + 2 * R2) /(R2 * C) 


Empirical results have shown that the 555 timer is 
adequate at toggling the STPCLK#. Experiments done 
using the 555 timer circuitry have been successful in 
making accurate voltage transient measurements. 


Assert I Deassert 
STPCLK# when 
Vcc has settled 
from transient 
/ 
CenterVcc 
Regulated 
Vcc Level 


Minimum Vcc: 
2.7V 
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Figure 7. Toggle STPCLK# 
when Vcc Transient 
has Settled 
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Output 
Vcc 


3 
6 
R1 


555 
R2 


Trigger 


2 
7 


c Iov 
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in Section 
4.2. The 
STPCLK# 
pin at the 
back 
of the 


board 
is soldered 
to a wire 
for ease 
of toggling 
the 


STPCLK#. 


Connect 
the 
Signal 
generator 
output 
to 
the 
soldered 
STPCLK# 
pin on the 
board 
using 
a 50 Ohm 
coaxial 
cable. 
The 
frequency 
generator 
should 
output 
a 3.3V 


peak. signal 
with a 25% 
to 75% 
duty 
cycle. 
Connect 


another oscilloscope 
probe to the soldered 
STPCLK# 
pin 


wire 
(for 
trigger). 
Make 
sure 
not 
to 
ground 
this 


oscilloscope 
probe to the board ground. 
because 
this may 


cause 
excess 
noise. 
Instead. 
the probe 
ground 
can 
be 


wrapped 
around 
the probe ground 
shield such as shown 


in Figure 6. 


Then follow these basic instructions: 


I. 
Calibrate the scope to set it to the desired settings as 
shown in Table 6. 


2. 
Make sure the board powers 
up correctly. 
Measure 


the setpoint 
for Vcc to ensure 
it is near 2.8V (2.7V 


to 2.9V). Use the oscilloscope 
or digital multi-meter 
for measurement. 


Figure 8. 555 Timer Implementation 
for Toggling 
the STPCLK# 


4.4. 
Step-by-Step 
Measurement 
Procedure 


The basic setup for measurements 
is shown in Figure 
9. 
Connect 
a probe 
to Channel 
I of the oscilloscope 
for 


measuring 
at the processor 
pins located at the back of the 
board. Vcc measurements 
for all transient 
analysis 
must 
be done at the back of the board and at the 12 pins noted 


3. 
If 
the 
board 
powers 
up 
and 
the 
setpoint 
is 


unsatisfactory 
then recheck 
the setup for accuracy. 


If 
the 
setpoint 
is 
still 
not 
within 
the 
voltage 
specifications. 
refer 
to 
the 
Pentiumo 
Processor 


Flexible 
Motherboard 
Design 
Guidelines 
(Order 


Number 
243187). 
If the setpoint 
is satisfactory. 
test 


the 
233 
MHz 
Pentium 
processor 
with 
MMX 


technology 
in the following three settings: 


a) 
At 
the 
MS-DOS 
prompt: 
measure 
the 


min/max voltage (for set point). 


Channel 
1 input 
Function 
generator 
or 555 timer circuit 


to oscilloscope 
3.3V peak putput 
"2J 


25%to 75% duty 
cycle 
o 


Oscilloscope 


Processor 
STPCLK# input 
soldered 
to copper 


core 


Channel 
2 input to 
oscilloscope 


Motherboard 


Probe to Vcc2 
plane at back 


. of board 


318609 


Figure 9. Setup for Measuring 
Vcc Transients 
at the Back of the Board 
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b) 
At the MS-DOS prompt and with STPCLK# 
toggling: measure the min/max voltage (for 
2.8V VCC plane margining). 


c) 
With the stress code (Hi_pwr2.exe) running 
and the STPCLK# toggling: measure the 
~in/max voltage (for corner cases of Vcc 
spikes and drops). 


Measure Vcc transients at the six VcC2N ss measurement 
pairs as discussed in Section 4.2. Tables for documenting 
these measurements are provided in Appendix C. The 
next section evaluates each of the measurement settings 
in 
significantly 
more 
detail. 
For 
each 
of 
the 
measurements, document the following for the Data 
Table in Appendix C. 


• 
Total A 


• 
Average Vcc 


• 
Absolute Minimum Vcc- 


• 
Absolute Maximum Vcc 


4.4.1. 
PROCEDURE 
A 


At the MS-DOS prompt without the pulse generator 
connected to the STPCLK# pin, make sure the scope is 


1998 PentiunP 
Processor 
Databook 


set to the settings in Table 7 and is triggered at the 
STPCLK# edge. Measure the difference from the top of 
the Vcc I Vss signal to the bottom as shown in the 
sample oscilloscope plot in Figure 10. The purpose of 
this measurement is to get the Min/Max voltage for 
setpoint. Fill in the table in Appendix c. 


Table 7. Measurement 
Technique 
Summary 


Measurement 
Bandwidth 
20MHz 
(1l 


Probe Bandwidth 
> 250 MHz 


Board Location 
At the back of the board, 
at Socket pins 


Pin Locations 
6 pins for VCC2 
measurements 
(listed 
below) 
A17/B20, 
A7/B10, 
G1/K2, S1N2, 
AC1/Z2, 
AN13/AM10 


NOTES: 


1. 
Signals 
should 
be attenuated 
by no more than 3 dB at 
20 MHz and 6 dB at 40 MHz. 
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CMin 
2.782 V 


318610 


2-2' 6 


/\: S4.2mV 
@: 2.843 V 


C2Max 
2.836 V 


· DOSprompt 


I.... j....;.-i-+-+-+-+-H--H-+-+-++H-+-i++-+-+-i!-++-i-+-+-+-+-if-i-->-t-+-+-++-j-i--H+-t-++.j 
..j.••1 measurement 
· Notice cursor 
· placements . 


.~~~!M'~0Ii!f.'~i'!!-~""".J 
;;~n~ig'>nerator 
STPCLKI 


CH2· 
Vcc I Vss pair 


4.4.2. 
PROCEDURE 
B 


Figure 10. Measuring 
Min/Max Voltage 
for Setpoint 
at MS-DOS· 
Prompt 


At the MS-DOS 
prompt 
with the pulse 
generator 
"on" 
and connected 
to STPCLK# 
for 
VCC2 
plane 
margining, 


make sure the scope is set to the setting in Table 7 and is 
triggered 
at each 
edge 
from 
the 
frequency 
generator. 


Measure 
the difference 
from the top of the surge to the 
bottom of the droop as shown in the sample 
oscilloscope 


plot in Figure 
11. Document 
the following 
in the data 
table in Appendix 
C. 
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1...•. 


'':''.~. 


.+. 
•.........,.... 
:t: 


···:t·· 


~-.-~--~.--~-~-.-~--~.--~-- 


····1..·· 
+ 


318611 


6: 145mV 
@: 2.731 V 


C2 Max 
2.880 
V 


Measurement 
with 


function 
generator 
ccnnected 
and @ 
DOS prompt. Notice 
the placement of 


cursors 


CH1= 
signal generator 
STPCLKII 
CH2= 
VcclVsspair 


C21\1in 
2.720 
V 


Figure 11. Measuring 
MinlMax Voltage 
for Setpoint 
at MS-DOS· Prompt 
with STPCLK# Tog~ling 
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4.4.3. 
PROCEDURE 
C 
the voltage 
regulator 
and its circuitry, 
as well as aging 


effects 
of these components 
as described 
in Section 
3.0. 


There is a probability 
that these components 
may display 


less than 
accurate 
behavior. 
Therefore, 
a measurement 


delta of 200 mV is not considered 
passing 
(The setpoint 


may change, 
as well as the supporting 
components 
may 


display 
less 
than 
accurate 
behavior). 
For 
example, 


consider 
the 
numbers 
for 
a 
linear 
voltage 
regulator 
shown 
in 
Table 
3. 
The 
voltage 
regulator 
setpoint, 


feedback 
resistor 
accuracy, 
and 
the 
thermal 
drift 
and 


aging 
effects 
combine 
together 
to use 
up 
±36.4 
mV 
(±28 mV, ±S.6 mV, ±2.8 mY) of the ±100 
mV range. 


This leaves a margin of only ±63.6V 
([200 mV - (±36.4 
* 2») / 2) for Vcc transients. 
Therefore, 
a measured 
delta 


of 137.2 mV for Vcc transients 
would surely constitute 
a 


stable system for the scenario in Table 3. 


With the pulse generator 
connected 
to STPCLK# 
and the 


stress test running 
(hi_pwr2), 
make sure the scope is set 
to the settings 
in Table 
7 and is triggered 
at STPCLK# 


edge 
from 
the 
frequency 
generator. 
Measure 
the 
difference 
from the top of the surge to the bottom 
of the 
droop as shown in the sample oscilloscope 
plot in Figure 
12. This setting should give the worst case measurement. 
Complete 
the data table in Appendix 
C. 


4.5. 
Evaluation of Measurement 
Results 


The 
Pentium 
processor 
with 
MMX 
technology 
VCC2 
specification 
allows 
a total budget 
of 200 mV, ranging 


from 2.7V to 2.9V. 
However, 
it is important 
to realize 


that this voltage 
specification 
includes 
any deviation 
in 


·t· 


.; 


-e- 
•••••••••• 


8.: 163mV 
@:2.721V 


: Measurement 
with 
. ... function 
gener ator 


. connected 
and HLpwr2 


: running. 
Notice cursor 
. placement 
for delta 


.. value 


····!····!·_+··+-{-!--++-!-r·f-++-!.-i--+ 
: 


•..:. 
. 
. 


'-':"--'-" 
~-.-:-- -_....~,..- --~.-:' _._- 
-'-'; 
- - :'-'-;- 
- 
---;.- 
: CH 1= trigger 
signal 


+-.+--H-.i-++++--t-+-f-.;--; 
....j_I.++-i-t-+++.+ 
. ~~i~LKII 


: VcclVss 
pair 


(2 \llax 
2.886 V 


C2 "'!in 
2.702 V 


+ 


318612 


2-218 


+ 


Figure 
12. 
Measuring 
Worst 
VCC Transients 
with 
STPCLK# 
Toggling 
and Stress 
Code Running 
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The hi_pwr2.exe code is used for Vcc transient analysis 
and to validate the processors thermal design for the 
Pentium processor 
with MMX technology. 
To 
get 


maximum current draw in the system, after the initial 
setup, the code runs a loop of instructions. 


An average Pentium processor with MMX technology in 
a typical system may dissipate slightly less power than 
the specification while executing this code. This is 
because Intel has allowed for process variations between 
wafers 
of 
processors, 
system 
variations, 
and 
test 


instrumentation guardbands. Since we can not be sure 
what power this code will draw in a particular customer 
system, the actual power drawn by the processor in the 
particular system should be measured. 


The file hi_pwr2.exe contains a short loop of Intel 
Architecture intensive code. This code uses the most 
power of any stable, MS-DOS executable program that 
Intel has tested on Pentium processors with MMX 
technology. 


This code has been optimized for use only with Pentium 
processors with MMX technology. Any power testing on 
a Pentium processor without MMX technology should be 
done with hi_pwr.exe (STR4Y) code. 
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To use this code for Vcc transient analysis: 


I. 
Execute the code. 


2. 
While the code is executing, toggle the STPCLK# 
signal (i.e. externally since the code itself will not 
toggle STPC:LK#). 


3. 
Measure the noise transients according to the 
methodology found in this application note. 


To use the code to validate a Pentium processor with 
MMX technology thermal design: 


I. 
Execute 
the 
code 
and 
measure 
the 
power 


dissipation. 


2. 
If the processor power dissipation falls short of the 
maximum Thermal Design Power specification, the 
Vcc level may be increased (within its specified 
range) to attempt to reach the maximum value. 


3. 
If the power dissipation still does not reach the 
specified 
maximum 
value, 
a 
thermal 
linear 


projection to the guaranteed worst case of the 
Thermal Design Power should be performed. 


Since this program runs in an infinite loop and disables 
all interrupts, a hard reboot of the system is necessary to 
exit out of the code. 


This program is copyrighted by Intel Corporation. To 
obtain the code, contact your local Intel Sales office. 


2-219 


2-220 


. 


lOUT 
Power 
Part 
VIN 
VOUT 
(max) 
(max) 
Remote 
Vendor 
Number 
(V) 
(V) 
(A) 
(W) 
Sense 
Package 
Samp 
Prod 


CS5206 
5 
2.8 
6 
17 
No 
TO·220/D2Pak 
Now 
Now 


Cherry 
5 
3.3NRE 
6 
20 


CS5207A 
5 
2.8 
7 
20 
Yes 
TO-220 
Now 
Now 


5 
3.3NRE 
7 
23 


LT1575 
3.3 
2.8 
10 
5 
Yes 
8-pin SOIC 
Now 
Now 


(+ ext 
5 
2.8 
10 
22 
FET) 


5 
3.3NRE 
10 
27 


Linear 
LT1577 
5 
2.8 
10 
22 
Yes 
16-pin SOIC 
Now 
Now 
Tech 


(Dual) 
5 
3.3NRE 
10 
27 


LT1580 
5 
2.8 
7 
15.4 
Yes 
TO-220 
Now 
Now 


5 
3.3NRE 
7 
11.9 


LT1584 
5 
2.8 
7 
15.4 
No 
TO-220/T0-263 
Now 
Now 


5 
3.3NRE 
7 
11.9 


LT1585A 
5 
3.3 
5 
8.5 
No 
TO-220/T0-263 
Now 
Now 


LX8384 
5 
3.3NRE 
5 
8.5 
No 
TO-220/T0-263 
Now 
Now 


Linfinity 
LX8585 
5 
3.3NRE 
4.6 
7.82 
No 
TO-220/T0-263 
Now 
Now 


LX8586 
5 
2.8 
6 
13.2 
No 
TO-220/T0-247 
Now 
Now 


5 
3.3NRE 
6 
10.2 


LM2951 
5 
2.8 
7 
15.4 
No 
SO-8 
Now 
Now 


National 
5 
3.3NRE 
7 
11.9 


LM3411 
5 
3.3NRE 
7 
11.9 
No 
SO-8/5-pin 
Now 
Now 
SOT 23 
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2.8VI3.3VNRE 
Linear 
Regulator 
Solutions 
(Cont'd) 


Electrical 
Availability 


lOUT 
Power 
Part 
VIN 
VOUT 
(max) 
(max) 
Remote 
Vendor 
Number 
(V) 
(V) 
(A) 
(W) 
Sense 
Package 
Samp 
Prod 


Raytheon 
RC5102 
5 
2.8 
7 
15.4 
Yes 
8-pin SOIC 
Now 
Now 


(Dual) 
5 
3.3NRE 
7 
11.9 


EZ1083/A 
5 
2.8 
7.5 
16.5 
No 
TO-220 or 
Now 
Now 


5 
3.3NRE 
7.5 
12.75 
TO-247 


EZ1082 
5 
2.8 
10 
22.0 
No 
TO-220 or 
Now 
Now 


5 
3.3NRE 
10 
17 
TO-247 


Semtech 
EZ1584A 
5 
2.8 
7 
15.4 
No 
TO-220 
Now 
Now 


5 
3.3NRE 
7 
11.9 


EZ1900 
5 
2.8 
7 
15.4 
No 
8-pin SOIC 
Now 
Now 


(Dual) 
5 
3.3NRE 
7 
11.9 


EZ1580 
5 
2.8 
7 
15.4 
Yes 
5-pin TO-220 
Now 
Now 
, 


5 
3.3NRE 
7 
11.9 


EZ1585D 
5 
2.8 
6 
13.2 
No 
TO-220 
Now 
Now 


5 
3.3NRE 
6 
. 10.2 


Unisem 
US1080 
5 
2.8 
8 
17.6 
No 
TO-220/TO-263 
Now 
Now 


5 
3.3NRE 
8 
13.6 
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2.8VI3.3VNRE 
Switching 
Regulator 
Solutions 


Electrical 
Availability 


lOUT 
Solution 
Number 
Part 
VIN 
VOUT 
(max) 
Efficiency 
of 


Vendor 
Number 
(V) 
(V) 
(A) 
(Typical) 
MOSFETs 
Package 
Samp 
Prod 


Raytheon 
UCC3881 
3.3NRE 
16-pin SOIC or 


Cherry 
CS5120 
5 
2.8 
5.7 
92% 
2 
14-pin POIP 
Now 
Now 


5 
3.3NRE 
5.7 
92% 
14-pin SOIC 


HIP5010 
5 
2.8 
11 
91% 
2 
16-pin SOIC or 
Now 
Now 


I'. 
5 
3.3NRE 
11 
·95% 
7-pin TO-220 
or 
7-pin 02Pak 


HIP5011 
5 
2.8 
11 
91% 
2 
16-pin SOIC or 
Now 
Now 


Harris 
5 
3.3NRE 
11 
95% 
7-pin TO-220 
or 7-pin 02Pak 


HIP5010 
5 
2.8 
6 
89% 
2 
7-pin TO-220 
Now 
Now 


5 
3.3NRE 
6 
92% 
or 7-pin 02Pak 


HIP5016 
5 
2.8 
6 
89% 
2 
7-pin TO-220 
Now 
Now 


5 
3.3NRE 
6 
92% 
or 7-pin 02Pak 


LTC126 
5 
2.8 
10 
93% 
2 
16-pin SOIC 
Now 
Now 


6 


5 
3.3NRE 
10 
95% 


Linear 
LTC143 
5 
2.8 
15 
93% 
2 
16-pin SOIC or 
Now 
Now 


0 


Tech 
5 
3.3 
15 
95% 
8-pin SOIC 


LTC143 
5 
2.8 
10 
93% 
2 
16-pin SOIC 
Now 
Now 
5 


5 
3.3NRE 
10 
95% 


Linfinity 
LX16601 
5 
2.8 
12 
85% 
2 
SO-16 
Now 
Now 


1 


5 
3.3NRE 
12 
85% 


MAX797 
5 
2.8 
10 
88% 
2 
16-pin SOIC 
Now 
Now 


Maxim 
5 
3.3NRE 
10 
88% 


MAX798 
5 
2.8 
10 
88% 
2 
16-pin SOIC 
Now 
Now 


5 
3.3NRE 
10 
88% 


National 
LM3578 
5 
3.3NRE 
10 
88% 
1 
SO-8 or 
Now 
Now 
& 
5-pin SOT23 
LM3411 
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2.8VI3.3VNRE 
Switching 
Regulator 
Solutions 
(Cont'd) 


Electrical 
Availability 


lOUT 
Solution 
Number 
Part 
VIN 
VOUT 
(max) 
Efficiency 
of 
Vendor 
Number 
(V) 
(V) 
(A) 
(Typical) 
MOSFETs 
Package 
Samp 
Prod 


RC5036 
5 
2.8 
10 
87% 
2 
16-pin SOIC 
Now 
Now 


(Dual) 


5 
3.3NRE 
5 
89% 


Raytheon 
RC5031 
5 
2.8 
10 
87% 
1 
14-pin SOIC 
Now 
Now 


5 
3.3NRE 
5 
89% 


RC5035 
5 
2.8 
10 
87% 
2 
16-pin SOIC 
Now 
Now 


(Dual) 


5 
3.3NRE 
5 
89% 


Si9140 
5 
2.8 
6 
90% 
2 
16-pin SOIC 
Now 
Now 


Siliconix 
5 
3.3 
6 
90.5% 


Si9145 
5 
2.8 
6 
82% 
1 
16-pin SOIC or 
Now 
Now 


5 
3.3NRE 
6 
83% 
16-pin TSSOP 


UC3886 
5 
2.8 
10 
85% 
1 
16-pin SOIC 
Now 
Now 


5 
3.3NRE 
10 
85% 
or 16-pin DIP 


UCC388 
5 
2.8 
10 
85% 
1 
16-pin SOIC 
Now 
Now 
1 


Unitrode 
5 
3.3NRE 
10 
85% 
or 16-pin DIP 


UCC388 
5 
2.8 
10 
85% 
1 
20-pin SOIC 
Now 
Now 


0 


5 
3.3NRE 
10 
85% 
or 20-pin DIP 


UC3874 
5 
2.8 
10 
90% 
2 
18-pin SOIC 
Now 
Now 


5 
3.3NRE 
10 
90% 
or 18-pin DIP 


Unisem 
US2050 
5 
2.8 
10 
85% 
1 
7-pin TO-220 
Now 
Now 


5 
3.3NRE 
10 
85% 
1 
or TO-263 
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On-Board Regulators 


Vendor 
North America 
Europe 
Asia 
Japan 


Dennis Gatano 


Cherry 
Tel: (401) 886-3305 
Fax: (401) 885-5786 


Dean Henderson 
Robert Lahaye 
Jason Lin 
Masaru Agano 


Harris 
Tel: (919) 405-3603 
Tel: (33) 1 34654046 
Tel: (886) 27169310 
Tel: (81) 3 3265 7571 
Fax: (919) 405-3651 
Fax: (33) 1 394-64054 
Fax: (886) 27153029 
Fax: (81) 3 3265 7575 


Bob Scott 
Fred Killinger 
Dave Quarrels 
Linear 
Tech 
Tel: (408) 432-1900 
Tel: (49) 89-9642550 
Tel: 
(65) 753 2692 
Fax: (408) 434-0507 
Fax: (49) 89-963147 
Fax: (65) 754 4112 


Andrew Stew art 


Linfinity 
Tel: (714) 898-8121 
Fax: (714) 893-2570 


DavidTimm 
David Watson 
Steve Huang 
Tadi Kodairo 


Maxim 
Tel: (408) 737-7600 
Tel: (44) 17 3430 3388 
Tel: (886) 2558 6801 
Tel: (81) 3 3232 6141 
Fax: (408) 737-7194 
Fax: (44) 1734305511 
Fax: (886) 2555 6348 
Fax: (81) 3 3232 6149 


Venkatesh Shan 
Werner Obermaier 
Vincent Lin 
Mark Kachmerak 


National 
Tel: (408) 721-3753 
Tel: (49) 81 41351331 
Tel: (852) 27371616 
Tel: (81) 43 299 2373 
Fax: (408) 721-8763 
Fax: (49) 8141351220 
Fax: (852) 2736 9931 


David Mclntyre 
David Frye 
Mike Wisnia 


Ray1heon 
Tel: (415) 966-7734 
Tel: (44) 17 0566 5555 
Tel: (81) 3 3406 5998 
Fax: (415) 966-7742 
Fax: (44) 1705663355 
Fax: (81) 3 3406 5998 


Gene Krzwinski 
Julian Foster 
Kenny Pai 


Semtech 
Tel: (805) 498-2111 
Tel: (44) 592-773520 
Tel: (886) 2717 3389 
Fax: (805) 498-3804 
Fax: (44) 592-774781 
Fax: (886) 2 713 0282 


Erik Ogren 
Sean Montgomery 
Serge Jaunay 
Tony Grizelj 


Siliconix 
Tel: 408-970-5543 
Tel: (44) 344 485757 
Tel: (852) 2378 9715 
Tel: (81) 3 5562 3321 
Fax: 408-567-8910 
Fax: (44) 344427371 
Fax: (852) 2375 5733 
Fax: (81) 3 5562 3316 


John O'Connor 
David Wells 
WilkieWong 


Unitrode 
Tel: (603) 429-8504 
Tel: (44) 181 318 1431 
Tel: 8522-722-1101 
Fax: (603) 429-8963 
Fax: (44) 181 3182549 
Fax: 8522-369-7596 


Reza Amirani 


Unisem 
Tel: (714) 453-1008 
Fax: (714) 453-8748 
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82.0. 
Voltage 
Regulator 
Modules 


Vendor 
North America 
Europe 
Asia 
I 
Japan 


Leonard Kao 


Ambit 
Tel: (886) 35-7849575 
Fax: (886) 35-782924 


Larry Freeland 
Rob Rix 
Joe Navin 


Amp 
Tel: 
(717) 780-6045 
Tel: (44) 1753-67-6800 
rei: 
(81) 44-813-8507 
Fax: (717) 780-7027 
Fax: (44) 1753-67-6801 
Fax: (81) 44-813-8500 


Dave Holmes 


C-MAC 
rei: 
(407) 881-2321 
, 
. 
Fax: (407) 881-2342 


John 8eckley 


Corsair 
rei: 
(408) 559-1777 


, 
Fax:-(408) 559-4294 


Gene Krzywinski 
Julian Foster 
Kenny Pai 


Semtech 
Tel: (805) 498-2111 
rei: 
(44) 592-773520 
Tel: (886) 2 717 3389 
Fax: (805) 498-3804 
Fax: (44) 592-774781 
Fax: (886) 2 713 0282 


David Mclntyre 
David Frye 
Mike Wisnia 


Raytheon 
rei: 
(415) 966-7734 
rei: 
441705665555 
rei: 
81 334065998 
Fax: (415) 966-7742 
Fax: 44 17 0566 3355 
Fax: 81 334065998 


Joseph Chang 


VXI 
Tel: (503) 652-7300 
Fax: (503) 786-5011 
" 
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83.0. Decoupling Capacitors 


Vendor 
Part No. 
Type 
North America 
APAC 


Steve Chan (Singapore) 


1206VZ105KAT1A 
1 ~F, X7S 
Tel: 
(65) 258-2833 
AVX 
Dennis Lienemann 
Fax: (65) 258-8221 


Tel: (803) 946-0616 
K.J. Kim (Korea) 


TPSD107K010R0100 
100 ~F, Tantalum 
Fax: (803) 946-6678 
Tel: 
(82) 2-785-6504 
Fax: (82) 2-784-5411 


Dave Lopez 
Bill Vu (Taiwan) 
Nanco Electronics 


Tel: (818) 364-9800 


Johanson 
160R18W105K4 
1 ~F, X7R 
Fax: (818) 364-6100 
Tel: (886) 2-758-4650 
Fax: (886) 2-729-4209 
Dielectrics 
--------------------------..--- 


NCTR (California only) 
Sales Dept (Hong Kong) 


Tel: (510) 624-8900 
Tel: (852) 765-3029 


Fax: (510) 624-8905 
Fax: (852) 330-2560 


KEMET 
Richey-Cypress 
Elect. 
Warren Marshall 
Electronics 
T495X1 07K01 OAS 
100 ~F, Tantalum 
Tel: (408) 654-9100 
Tel: 
(800) 421-7258 


Fax: (408) 566-0160 
Fax: (714) 713-0129 
. 
Hong Kohg 


Tel: (852) 782-2618 


Murata 
GRM40X7R10SJ016 
1 ~F, X7R 
Sales Department 
Fax: (852) 782-1545 


Electronics 
Korea 


Tel: 
(770) 436-1300 


Fax: (770) 436-3030 
Tel: (82) 2-730-7605 
Fax: (82) 2-739-5483 


Taiwan 


Tel: (886) 2-562-4218 
Fax: (886) 2-536-6721 


Hong Kong 


Tel: (852) 736-2238 


TDK 
CC1206HX7R105K 
1 ~F, X7R1X7S 
Sales Department 
Fax: (852) 736-2108 


Korea 


Tel: (847) 803-6100 
Fax: (847) 803-6296 
Tel: (82) 2-554-6633 
Fax: (82) 2-712-6631 


Taiwan 


Tel: (886) 2-712-5090 
Fax: (886) 2-712-3090 


2-226 
1998 Pentiu~ 
Processor Databook 


AP-580 / Voltage Guidelines 
For Pentium@ Processors 
with MMXTM 
Technology 


APPENDIX C TEST RESULTS 


These tables are provided for you to record your test results. 


Processor 
Points 
Average 
Vcc 
Minimum 
Droop 
Maximum 
Surge 
6. Total 
VccNss 
Pairs 
(Volts) 
(V) 
(V) 
(mV) 


A17/820 


A7/81 0 


G1/K2 


S1N2 


AC1/C2 


AN13/AM10 


At MS-DOS· 
Prompt 


Processor 
Points 
Average 
Vcc 
Minimum 
Droop 
Maximum 
Surge 
6. Total 
VccNss 
Pairs 
(Volts) 
(V) 
(V) 
(mV) 


A17/820 


A7/81 0 


G1/K2 


S1N2 


AC1/C2 


AN13/AM10 


In MS-DOS 
Mode with 
STPCLK# 
Toggling 


Processor 
Points 
Average 
Vcc 
Minimum 
Droop 
Maximum 
Surge 
6. Total 
VccNss 
Pairs 
(Volts) 
(V) 
(V) 
(mV) 


A17/820 


A7/81 0 


G1/K2 


S1N2 


AC1/C2 


AN13/AM10 


Running 
Stress 
Code (hi-pwr2) 
with 
STPCLK# 
Toggling 
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1.0. 
INTRODUCTION 
various members of the Pentium processor family including 
Pentium processors 75 190/100 
I 120 I 133 I 150/1661 


200, Pentium processors with MMX'M technology, Pentium 
OverDrive® 
processors, 
and 
future 
Pentium 
OverDrive 


processors with MMX technology. 


This 
document 
provides 
guidelines 
for 
designing 
a 


Penrium's 
processor 
family 
flexible 
motherboard. 
The 


Pentium processor family flexible motherboard, as shown in 
Figure I,is a single motherboard design that can support the 


Future 
Pentiu~ 
OverDrivePJ 
processors 
with MM)(1M technology 
Pentiu~ 
OverDrivePJ 
processors 


L•.....•.. 
_.•_._._•......•.•.• 
_.••_ .•••.•...•.•....•......•....•• 
_•... 


318701 


Figure 1. Pentlu~ 
Processor 
Flexible 
Motherboard 
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The 
Pentium 
processor 
family 
flexible 
motherboard 


should support the following 
features: 


• 
Split Power 
Islands: 
The Pentium processor family 


flexible 
motherboard 
should 
accommodate 
split 


(separate) power islands to accept processors that have 
split 
core 
and 
I/O 
voltage 
planes. 
The 
Pentium 


processor 75 190 1100 1120 1133/150 1166/200 
and 
Pentium OverDrive processor have a unified core and 
I/O power plane internal to the processor package. The 
Pentium 
processor 
with MMX 
technology 
and 
the 
future 
Pentium 
OverDrive 
processor 
with 
MMX 
technology 
have split power 
planes 
internal to the 
processor package. The two internal power planes of 
the Pentium processor with MMX technology receive 
two different voltages (i.e., 2.8V for the Core and 3.3V 
for the I/O). 


• 
33V 
Power 
Source: 
Pentium 
processors 
75 I 90 I 
100 1120 11331150 1166/200, 
Pentium 
OverDrive 


processors 
and future Pentium OverDrive 
processor 


withMMXtechnology 
receive 
3.3V (3.135 
- 3.6V) 
from 
the 
processor 
socket 
for 
operation. 
The 
Pentium 
processor 
family 
flexible 
motherboard 


should 
provide 
3.3V 
by 
using 
a system 
power 


supply unit or a voltage regulator. 


• 
2.8V'Power 
Source: 
The Pentium 
processor 
with 
MMX technology 
receives 
2.8V (±IOO mY) for its 


core. 
The 
Pentium 
processor 
family 
flexible 
motherboard 
should 
provide 
support 
for a 2.8V 
power 
source 
through 
either 
an 
on-board 
2.8V 


voltage 
regulator 
or a Voltage 
Regulator 
Module 


(see Appendix 
A). 


• 
Socket 7: 
The 
Pentium 
processor 
family 
flexible 


motherboard 
should 
implement 
a 
Socket 7. 
Pin 
assignments 
vary 
according 
to 
processors, 
and 


Socket 7 is a processor socket designed to accept all 
processors 
in the Pentium 
processor 
family 
(i.e., 


Pentium processors 
75 190 I 100 I 120 I 133 I 150 I 


166/200, 
Pentium 
OverDrive 
processors, 
Pentium 
processors 
with 
MMX 
technology 
and 
future 
Pentium 
processors 
with 
MMX 
technology) 


regardless 
of their differences 
in pin assignments 
or 


power plane implementation. Socket 7 is a 32 l-pin ZIF 
socket and is a superset of the older 320-pin Socket 5. 
Socket 7 provides the option and capability to support 
both unified-plane 
processors 
and split-plane, 
dual- 


voltage supply processors and requires that CLK and 
PICCLK be driven at 3.3V levels. Socket 7 electrical 
specifications list the maximum current for the future 
Pentium 
processors 
with 
MMX 
technology 


upgradability 
as 5.0A at 3.3V; however, the Pentium 


I 


processor 
with MMX technology 
has a core current 
draw of 5.7A at 2.8V. 


NOTE 


The current 
draw 
is processor 
dependent 
and 
any 
processor 
belonging 
to 
the 
Pentium 
processor 
family may be utilized 
in a Socket 7 


provided 
the system 
design 
provides 
adequate 


current. 


• 
Local 
Decoupiing: 
Pentium 
processors 
75 I 90 I 


100 I 
120 I 
133 I 
150 I 
166 I 200, 
Pentium 


OverDrive 
processors, 
Pentium 
processors 
with 


MMX 
technology 
and future 
Pentium 
OverDrive 


processors 
with MMX technology 
may cause rapid 
fluctuation 
of current 
during 
transitions 
between 


"low-power" 
states 
and 
"active" 
states. 
The 


Pentium 
processor 
family 
flexible 
motherboard 
provides 
accurate 
and 
adequate 
decoupling 
capacitors 
near 
the 
processor 
socket 
to prevent 
violation of the voltage supply range specification. 


• 
Multiple 
Bus Frequencies: 
Pentium 
processors 
75 


190 I 100 I 120 I 133 I 150 I 166 I 200, Pentium 
OverDrive 
processors, 
and 
future 
Pentium 
OverDrive 
processors 
with 
MMX 
technology 
support 
external 
bus 
frequencies 
of 
50 MHz, 
60 MHz and 66 MHz. The Pentium 
processor 
with 
MMX 
technology 
supports 
external 
bus 
frequencies 
of 60 MHz and 66 MHz. The Pentium 
processor 
family 
flexible 
motherboard 
is 


implemented 
with system logic compatible 
with the 
AC timing parameters 
at these bus frequencies. 


• 
Bus-to-Core 
Ratio: 
The Pentium processor 
family 


flexible 
motherboard 
should 
provide 
jumpers 
for 
bus 
fraction 
pin 
strapping 
options 
to 
allow 
for 
flexibility 
in 
configuring 
the 
external 
bus 


frequency 
to internal core frequency 
ratio. The bus- 


to-core 
ratios can be either 
1/3, 2/5, 1/2 or 2/3. In 
order to support 
all Pentium 
processors 
75 I 90 I 
100 I 120 I 133 I 150 I 166 I 200 and Pentium 
processors 
with 
MMX 
technology, 
selection 
jumpers 
should 
allow a high or low logic 
setting 


for both bus fraction pins (BFl 
and BFO). 


NOTE 


Not 
all 
Pentium 
OverDrive 
processors 
and 
future 
Pentium 
OverDrive 
processors 
with 


MMX technology 
internally 
configure 
the bus 


fraction, 
and jumper 
changes 
are not required 


when 
a Pentium 
OverDrive 
processor 
or 
a 


future 
Pentium 
OverDrive 
processor 
with 
MMX 
technology 
is installed 
in a Socket 
7 
system. 
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• 
Thermal 
and 
Mechanical 
Specifications: 
The 
Pentium 
processor 
family 
flexible 
motherboard 
should 
be 
designed 
to 
meet 
the 
thermal 
and 
mechanical 
specifications 
of 
the 
Socket 7 


Specification, 
Rev. 3.0. 


• 
BIOS 
Support: 
Each 
processor 
stepping 
is 
assigned 
a 
unique 
identification 
and 
feature 
signature. 
The execution 
of the CPU ID instruction 
will retrieve these signatures 
for identification. 
The 
Pentium 
processor 
family 
flexible 
motherboard 
provides 
a system 
BIOS capable 
of supporting 
all 


Pentium 
processor 
75 1901 100 1120 1133/150 
1 
1661200, Pentium 
OverDrive 
processors, 
Pentium 


processors 
with 
MMX 
technology 
and 
future 


Pentium 
processors 
with 
MMX 
technology 
steppings. 
Through 
the 
use 
of 
the 
CPUID 


instruction, 
the BIOS 
can 
determine 
whether 
the 
processor 
supports 
certain 
features 
like 
APIC or 


MMX 
technology. 
(For 
more 
details, 
refer 
to 
application note AP-485, InteL Processor Identification 
with the CPUID Instruction. See Appendix E.) 


• 
3.3V 
Clock 
Drivers: 
Clock 
inputs 
OIi Pentium 
processors 
75 190/1001 
120/1331 
1501 1661 


200, 
Pentium 
OverDrive 
processors, 
Pentium 


processors 
with 
MMX 
technology 
and 
future 
Pentium 
OverDrive 
processors 
with 
MMX 
technology 
can accept 
3.3V clock 
drivers 
but not 


all are 5V tolerant. 
The Pentium 
processor 
family 
flexible 
motherboard 
provides 
a 3.3V clock driver 


(for CLK 
and 
PICCLK) 
to ensure 
compatibility 
with all Pentium 
processors 
75 1 90 1 100 1 120 1 


133 
1 150 
1 166 
1 200, 
Pentium 
OverDrive 
processors, 
Pentium 
processors 
with 
MMX 
technology 
and 
future 
Pentium 
OverDrive 
processors 
with MMX technology. 
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Producing 
a 
flexible 
motherboard 
design 
for 
the 


Pentium processor 
family offers several benefits: 


• 
Offers 
various 
price/performance 
options: 
One 


flexible 
design, 
when 
populated 
by 
different 


members 
of the 
Pentium 
processor 
family, 
can 


provide a wide range of price/performance 
options. 


Flexibility 
can also be achieved 
through 
assembly 


time 
options 
for 
other 
components 
on 
the 


motherboard. 
For 
example, 
external 
caches 
may 


use asynchronous 
SRAM 
for cost effectiveness 
or 


pipelined 
burst 
SRAM 
for 
higher 
performance. 


Synchronous 
burst 
DRAM 
may 
replace 
extended 


data 
out 
(EDO) 
DRAM 
as 
main 
memory 
to 


maintain 
performance 
in cost-effective 
platforms 
with optional external cache memory. 


• 
Reduces 
design 
and 
validation 
effort 
associated 


with multiple 
designs: 
Thf board does not have to 


be revised 
for every proliferation 
of the processor 


thus 
reducing 
design 
and 
validation 
efforts. 


Instead, 
one board 
is designed 
to accept 
various 


processors 
that can be populated 
at build-time. 


• 
Reduces 
inventory 
and 
manufacturing 
costs: 


Only 
one 
motherboard 
design 
has 
to 
be 


manufactured 
and 
has 
to 
be 
maintained 
in 
inventory. 
This 
reduces 
the 
overall 
inventory 


management 
and 
manufacturing 
costs. 
For 
a 


varying 
product 
demand, 
the 
board 
can 
be 


populated 
with the appropriate 
processor 
to meet 


the current market demand. 


• 
Reduces 
debug 
and 
technical 
support 
costs: 


Instead of several, 
only one motherboard 
has to be 


debugged. 
The 
field engineers 
and other 
support 


personnel 
need 
only 
to be 
trained 
on 
one 
base 


motherboard 
design thus reducing 
overall technical 


support efforts. 
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2.0. 
PROCESSOR 
DESIGN 


CONSIDERATIONS 


This 
chapter 
describes 
the 
differences 
between 
the 
various 
proce~sors 
that need to be considered 
when 
designing 
a 
Pentium 
processor 
family 
flexible 
motherboard. 


2.1. 
Overview 
of the Pentium@ 


Processor 
Family 


Table I shows the members 
of the Pentium 
processor 
family that are supported 
on the flexible 
motherboard 
and 
highlights 
their 
respective 
electrical/thermal 


specifications. 
The following 
is a brief description 
of 
the Pentium processors 
75 I 90 1100 1120 I 133 1150 I 
166 I 200, 
Pentium 
OverDrive 
processors, 
Pentium 
processors 
with MMX technology 
and future Pentium 
OverDrive 
processors 
with 
MMX 
technology 
processors 
that 
are 
supported 
on 
the 
flexible 
motherboard. 
Please 
refer to Appendix 
E in order 
to 
obtain specifications 
for each processor. 


The Pentium processor 75 1901 1001 1201 1331 1501 166 
1200 is a 3.3V processor that operates at 75,90, 
lOO, 120, 


133, 150, 166 and 200 MHz core speeds (50, 60, and 
66 MHz external 
bus speeds). This is a unified 
plane 
processor 
that uses 3.3V [Standard (3.l35V 
- 3.6V) or 
VRE (3.4V - 3.6V) voltage] for all Vcc pins. 


The 
Pentiurn 
processor 
with 
MMX 
technology 
166/200 
is 
the 
newest 
addition 
to 
the 
Pentiurn 
processor 
family. 
Several 
architectural 
enhancements 
have 
been 
made: 
the internal 
data 
and 
code 
cache 
sizes 
have 
each 
been 
doubled 
from 
8 Kbytes 
to 16 
Kbytes, the branch 
prediction 
has been improved, 
and 
support 
for Intel 
MMX technology 
has been 
added. 
MMX 
technology 
is 
an 
extension 
to 
the 
Intel 
Architecture 
(lA) instruction 
set which 
adds 
57 new 
opcodes 
and a new MMX 
register 
set. The 
Pentium 
processor 
with 
MMX 
technology 
operates 
at 
core 
frequencies 
of 
166 and 
200 MHz 
(60 
and 
66 MHz 
external 
bus 
speeds). 
The 
Pentium 
processor 
with 


MMX technology 
uses 2.8V for its internal core while 
its 110 operates 
at 3.3V (to provide 
full compatibility 
with existing 
chipset 
and SRAM). 
It is pin, package, 
and 
functionally 
compatible 
with 
the 
Pentium 
processor 
75 190 I 100 I 120 I 133 I 150 I 166 I 200 
and 
is 
operating 
system 
transparent. 
The 
Pentium 
processor 
with MMX technology's 
CLK and PICCLK 
buffers 
are not 5V tolerant 
and should 
only use 3.3 V 
clock inputs. 


The Pentium 
OverDrive 
processor 
125/150/166 
is the 
upgrade 
processor 
for 
the 
Pentium 
processor 


75/90/100-based 
systems. 
It plugs into either Socket 5 
or 
Socket 7 
based 
designs. 
Pentium 
OverDrive 
processors 
are end-user, 
single-chip 
processor 
upgrade 
products 
for Pentium 
processor 
systems 
that speed up 
nearly 
all 
software 
applications 
and 
are 
binary 
compatible 
with the Pentium processor. 


The 
future 
Pentium 
OverDrive 
processor 
with 
MMX 
technology 
125/150/166/180/200 
is the end-user, 
single 
chip, 
processor 
upgrade 
for 
the 
Pentium 
processor 


75/90/IooIl20/133-based 
Socket 5 or Socket 7 designs. 


The 
future 
Pentium 
OverDrive 
processor 
with 
MMX 
technology 
180/200 can also upgrade Pentium processor 
150/166/180/2oo-based 
designs to MMX technology, 
but 
with a lower overall performance 
increase. The 200 MHz 
future 
Pentium 
OverDrive 
processor 
with 
MMX 
technology 
will only 
be 
supported 
by 
Socket 7-based 
designs. 


2.2. 
Pinout Considerations 


For the processors 
that are supported 
on the flexible 
motherboard, 
most 
of the 
signals 
are compatible 
to 
each other. The differences 
are noted below: 


• 
VCC2 , VCC3: 
On the 
Pentium 
processor 
with 
MMX technology, 
the internal 
bus logic is isolated 
from the core logic so that the core can run at a 
lower voltage 
(2.8V) in order to obtain 
faster core 


frequencies 
and 
reduce 
overall 
power 
consumption. 
The 
bus 
logic 
remains 
at 3.3V 
to 


remain compatible 
with existing chipsets 
and cache 
SRAM. The voltage 
for the core logic is supplied 
through 
the VCC2 pins and the voltage 
for the bus 


logic 
is 
supplied 
through 
the 
VCC3 pins. 
The 


motherboard 
design 
therefore 
splits the processor 


power 
plane 
into 
a separate 
2.8V 
core 
voltage 
island and a 3.3V 110 voltage island. 


• 
VCC2DET#: 
This is a new signal defined 
on the 


Pentium 
processor 
with 
MMX 
technology 
to 
indicate to the system that the processor 
installed 
in 


the processor 
socket 
uses 
an isolated 
2.8V 
core 
supply 
on the 
VCC2 pins. 
This 
pin 
is internally 
connected 
to ground on the Pentium 
processor 
with 


MMX technology. 
On Pentium 
processors 
75 I 90 I 


100 I 
120 I 
133 I 
150 I 
166 I 200, 
Pentium 
OverDrive 
processors, 
and 
future 
Pentium 


OverDrive 
processors 
with MMX technology, 
this 


pin is defined 
as INC (Internal 
No Connect). 
This 
signal 
is pulled 
high 
externally 
on 
the 
flexible 
motherboard 
or left as a no connect otherwise. 
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Table 
1 
Pentium® 
Processors 
and Pentium 
OverDrivel!l 
Processors 
and Their 
Key Differences 


Pentium 
Processor 
Pentium 
Future 
Pentium 
with 
MMXTM 
OverDriv~ 
OverDrive 
Processor 
Pentium® 
Processor 
Technology 
Processor 
with 
MMX 
Technology 


Core Frequency 
75,90,100,120,133 
166,200 
125, 150, 166 
125,150,166,180,200(7) 


150,166,200 


Bus Frequency 
50,60,66 
60,66 
50,60,66 
50,60,66 


Frequency 
Ratio 
1/2, 2/3, 2/5,1/3 
2/5,1/3 
2/5 (.) 
2/5, 1/3 (') 


Clock Level 
3.3Vor 
5V 
3.3V 
3.3Vor 
5V 
3.3Vor 
5V(7) 


Core Supply 
3.135V - 3.60V (STD); 
2.7V-2.9V 
3.135 - 3.6V 
3.40V - 3.60V (VRE) 


I/O Supply 
3.135V - 3.60V (STD); 
3.135V - 3.60V 
3.135-3.6V 
3.40V - 3.60V (VRE) 


ICC2(1.5) 
Connected 
to IcC3 
5700mA 
(200 MHz) 
Connected 
to 
Note 
(6) 


4750mA 
(166 MHz) 
lees 


I CC3(2.5) 
4600mA 
(200 MHz) 
650mA (200 MHz) 
4330mA 
5000mA 
(200 MHz) 
(6) 


2650mA 
(75 MHz) 
540mA 
(166 MHz) 
4330mA(125-180 
MHz) 


I 
(3.5) 
Not Applicable 
200mA 
200mA 
CC5 


Max. Power 
(5) 
15.5W (200 MHz) 
15.7 W (200 MHz) 
15.0W 
17.0W (200 MHz) 
15.0W (125-180 
MHz) 


No. of VCC2Pins 
None 
25 
None 
28 


No. of VCC3Pins 
53 
28 
60 
32 


No. of VCC5Pins 
None 
, 
',1 
2 
2 
- 


External 
Plane 
Unified 
Split 
Unified 
Unified or Split 
Type 
I 
, 


Internal 
Plane 
Unified 
Split 


, 


Unified 
Split 
Type 


Package 
Type 
296-pin 
PPGA or 
296-pin 
PPGA or 
320-pin CPGA 
320-pin 
CPGA 
CPGA 
CPGA 


NOTES: 


1. 
I CC3refers to Vcca {I/O) supply 
current 


2. 
I CC2refers to VCC2 (Core) supply 
current 


3. 
I CC5refers to 5V supply current 
This is used to power the fan/heatsink 
on the Pentiurrll' 
OverDrive!!> processors. 


4. 
Pentium 
OverDrive 
processors 
and future 
Pentium 
OverDrive 
processors 
with MMXThttechnology 
do not require 
the bus 
frequency 
ratio to be changed 
when upgraded. 


5. 
The number 
shown 
represents 
worst case or maximum 
current/power 
at highest 
available 
frequency. 


6. 
When the future 
Pentium 
OverDrive 
processor 
with MMX technology 
is installed 
in split plane designs, 
4600mA 
at 3.3V is 
drawn through 
VCC2pins and 400 mA from VCC3pins. 
7, 
The 200 MHz future 
Pentium 
OverDrive 
processor 
with MMX technology 
will only be supported 
in Socket 7 designs. 
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• 
BFl·O: 
The bus fraction 
selection 
pins determine 
the bus to core frequency 
ratio. The BF pins are 


sampled 
by the processor 
at RESET, 
and will not 
be sampled 
by the processor 
again 
until 
another 


cold-boot 
(Ims) 
assertion 
of RESET. The signal on 
the BF pins is not an indication 
of the bus speed, 
only the ratio of the processor 
core with respect 
to 


the 
bus. 
The 
Pentium 
OverDrive 
processor 
and 


future 
Pentium 
OverDrive 
processor 
with 
MMX 
technology 
do 
not 
require 
the 
BF 
pins 
to 
be 
changed 
when upgraded 
and will operate 
properly 


with 
the 
bus 
fraction 
ratio 
selected 
for 
the 


processor 
being replaced. 
Table 2 summarizes 
the 
operation 
of the BF pins on Pentium 
processors 
75 


190/100/120/133/150/166/200 
and Pentium 
processors 
with MMX technology. 


• 
CLK, 
PICCLK: 
The clock inputs on the Pentium 
processor with MMX technology are not 5V tolerant. 
The 
clock 
inputs 
to the processor 
on the 
flexible 
motherboard 
are driven by an appropriate 3.3V clock 


driver. Driving the clock at 3.3 volts is also compatible 
with the Pentiurn processor 75 I 90 I 100 I 120 I 133 I 


150 1166/200, 
the Pentiurn OverDrive processor, and 
the future Pentium OverDrive 
processor 
with MMX 
technology. 


2.3. 
ProcessorIdentification 


The CPUID instruction 
is used to provide 
information 
to the 
BIOS 
and 
other 
software 
about 
the 
vendor, 
family, model, and stepping 
of the processor. 
An input 
value 
of I loaded 
into 
the 
EAX 
register 
prior 
to 


executing 
the 
CPUID 
instruction 
will 
return 
the 


identification 
signature 
in the EAX 
register. 
Figure 2 
shows 
the 
EAX 
bit 
assignment 
for 
the 
CPUID 
instruction. 
(Fqr more details, 
refer to application note 


AP-485, Intel Processor 
Identification 
with the CPUlD 
Instruction. See Appendix E.). 


31 
14131211 8 7 
4 3 
0 


I 
0 (reserved) 
I type I family I ~odel Istepping I 
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Figure 2. EAX Bit Assignments 
for CPUID 


Table 3 provides 
the 
CPUID 
information 
for 
the 


different 
processors 
that are supported 
on the flexible 


motherboard. 


Table 2. BF1·0 Core/Bus Ratio Selection Pins(1) 


Pentiu~ 
Processor 
75/90/100/120/133/150/166 
Pentium Processor with MMXTIO 
BF1 Value (5) 
BFOValue (I) 
200 
Technology Frequency Ratio 
Frequency Ratio 


0 
0 
2/5(2) 
2/5 (2) 


0 
1 
1/3 
1/3 


1 
0 
1/2 
(3) 
1/2 (3) (Default) 


1 
1 
2/3 (') (Default) 
Reserved 


NOTES: 
1. 
The Pentium processors 
with a maximum rated core frequency of less than 75 MHz have only one bus fraction ratio 
defined - (1:1). 


2. 
The 2/5 ratio is defined on the Pentiu~ 
processor 
with MMXTIo! technology and Pentium processor 
75 I 90 1100 1120 I 
133/150/166/200. 
3. 
Defaults to 1/2 ratio if BFl and BFO are left unconnected 
on the Pentium processor with MMX technology. On the Pentium 
processor 
with MMX technology, the BFl pin has an internal pull-up resistor, and the BFO pin has an internal pull-down 


resistor. 


4. 
Defaults to 2/3 ratio if BFl and BFO are Idt unconnected 
on Pentium processor 
75/90 
11 00 1120 1133/150 
1166/200 
On the Pentium processor 
75/90 
1100 1120 1133/150 
1166/200. 
the BFl and BFO pins have internal pull-up resistors. 


5. 
The value of external pull-down resistors used on the BFOIBFI pins should be 500 ohms or less. The value of external 
pull-up resistors used on the BFOIBFI pins should be 2.2 Kohms or less. 
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Table 
3 
CPUID 
Information 


Type 
Family 
Model 
Stepping 
Bits(13:12) 
Bits(11 
:8) 
Bits(7:4) 
Bits(3:0) 
Description 


00 
0101 
0010 
XXXJ( 
Pentiu~ 
processors 
(75, 90, 100, 120, 133 
150,166,200) 


00 
0101 
0100 
XXXJ( 
Pentium 
processor 
with MMX'''' technology 


(166,200) 


0011) 
0101 
0010 
XXXJ( 
Pentium 
OverDriveQ!l processor 
for Pentium 


processor 
(75, 90, 100) 


01 
0101 
0100 
XXXJ( 
Future 
Pentium 
OverDrive 
processor 
with 


MMX technology 
for Pentium 
processor 
(75 
90,100,120,133,150,166,200 


NOTES: 
1. The definition of the type field for the OverDrive® processor 
is 01. An errata on the Pentium® OverDrive processor 
will 


always retum 00 as the type. 


3.0. 
FLEXIBLE 
MOTHER BOARD 
IMPLEMENTATION 


This chapter 
describes 
the implementation 
of a split 


plane flexible motherboard 
using Socket 
7. 


3.1. 
Voltage Supply 
Implementation 
Overview 


In 
order 
to 
support 
the 
various 
members 
of 
the 
Pentium 
processor 
family 
with 
different 
voltage 
requirements, 
the flexible motherboard 
should include 
provisions 
for both 2.8V and 3.3V supply voltages 
for 


the processor. 


The power supply pins on the Pentium 
processor 
with 


MMX 
technology 
are 
split 
into 
separate 
VCC2 and 


VCC3 pins. Socket 7 definition 
splits the 60 Vcc 
pins 
on Socket 5 into 
28 
VCC2 pins 
and 
32 VCC3 pins. 


These 
pins 
are 
connected 
appropriately 
to 
the 
processor 
core 
voltage 
island 
and 
processor 
110 


voltage 
island. 
The 
Pentium 
processor 
with 
MMX 


technology 
uses 5.7A at 2.8V (200 MHz) for its core 
from the supply voltage solution. The 3.3V 110 voltage 
for the Pentium 
processor 
with MMX 
technology 
is 
supplied 
by the system (either through 
the 3.3V power 


supply 
or through 
a 3.3V 
voltage 
regulator 
on the 


motherboard). 


The voltage provided 
to the core of the future Pentium 


OverDrive 
processor 
with 
MMX 
technology 
is 
supplied 
by 
a 
voltage 
regulator, 
internal 
to 
the 


OverDrive 
processor 
package, 
powered 
by 3.3V on the 


VCC2 pins. The 110 is powered 
directly 
from the 3.3V 


VCC3 pins. The voltage supply solution 
on the flexible 
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motherboard 
supplies 
a minimum 
of O.4A at 3.3V on 
VCC3 and 
4.6A 
at 
3.3V 
on 
VCC2 to 
support 
the 
200 MHz 
future 
Pentium 
OverDrive 
processor 
with 
MMX technology. 
It is not required 
that both power 
planes be supplied 
by the same source. In addition, 
the 
Pentium 
OverDrive 
processor 
and 
future 
Pentium 
OverDrive 
processor 
with MMX technology 
also use a 


+5V supply to power the fanlheatsink. 


In a typical 
single processor 
system, 
the 3.3V power 
supply 
uses approximately 
7A to power 
all the 3.3V 
components 
(i.e. processor, 
cache 
and chipset). 
In the 


200 MHz 
Pentium 
processor 
with MMX 
technology, 


the 2.8V regulator 
draws up to approximately 
5.7A at 
2.8V 
for the 
processor 
core 
while 
the 
3.3V 
power 
supply 
should 
require 
approximately 
2A at 3.3V 
for 


the cache and chipset. Additional 
3.3V devices 
such as 
3.3V 
DRAM 
may 
require 
additional 
power. 
Actual 


power 
requirements 
should 
be 
calculated 
for 
the 


specific design. 


3.2. 
The Distinct Power Planes 


A typical 
desktop 
flexible 
motherboard 
contains 
a 


maximum 
of four different 
power planes. Any Pentium 
processor 
will directly 
plug into two of these 
planes 
(VCC2, VCC3) and may be indirectly 
connected 
to the 
3.3V 
power 
supply 
(3VPOWER SUPPLY) through 
the 


VI/O (VCC3) power 
plane. 
See Figure 3. For the most 


economically 
flexible 
motherboard 
design, 
it 
is 


recommended 
that the VI/oplane 
simply be connected 


to the motherboard's 
3VPOWERSUPPLYby jumpers 
or 


on resistors. 
Therefore, 
excluding 
the main 5V power 


plane, 
the 
Pentium 
processor 
family 
flexible 


motherboard 
may 
have 
a minimum 
of two 
distinct 
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Figure 3. The Typical 
Power Planes In a 
Desktop 
Pentlunjlil Processor 
Family 
Flexible 
Motherboard 


The power plane distinctions 
are described below. 


VCORE - 
This power plane is connected 
to the VCC2 
power pins on the Pentium processor 
family's 
Socket 7 
connector 
(see Figure 3). When 
a Pentium 
processor 
75/90/100/120/133/150/166/200 
is installed 
in 
the system, 
this plane 
will typically 
be connected 
to 


. the VI/O plane 
through' on resistors, 
jumpers, 
or the 
internal 
power 
plane 
of 
the 
Pentium 
processor. 
However, 
in the case of the Pentium 
processor 
with 
MMX technology, 
the VCC2 and VCC3 planes 
remain 
completely 
electrically 
separate. 
Also, 
the 
future 
Pentium 
OverDrive 
processor 
with MMX technology 
will not connect 
VCC2 and VCC3 through 
its internal 
power 
planes. 
Depending 
upon 
which 
processor 
is 
being supported, 
the VCC2 plane may require 
either a 
discrete 
2.8V 
voltage 
regulator, 
or 
a 
configurable 
2.8V/3.3VNRE 
voltage 
regulator. 
The 
VCC2DET# 
signal 
can 
be 
used 
to 
select 
between 
2.8V 
and 
3.3VNRE 
on 
the 
configurable 
VCORE 
voltage 
regulator. 
The 
VCORE power 
plane 
uses 
a voltage 
regulator 
that can supply 
at least 5.0A at 3.3V for a 
Pentium processor 
75/90/ 
100/ 
120/ 
133/ 
150/ 
166 
/200 
and at least 5.7 A at 2.8V for a Pentium processor 
with MMX technology. 


Pentium processor 
75/90/100/120/133/150/166 
/200 
(a unified-plane 
processor) 
has its Vc ORE+ VI/O 
plane 
supplied 
with VRE voltage, 
the VCORE + VI/O 
plane 
may 
need 
to 
be 
isolated 
from 
the 
3.3V 
components 
and 3VPOWER SUPPLY.See Figure 5. An 
auto-configurable 
flexible 
motherboard 
should 
make 
provisions 
for connecting/disconnecting 
the VI/O and 
3VPOWERSUPPLYin order to accommodate 
processors 
running 
on VRE 
voltage 
or 3.3V 
voltage 
(see 
next 
section). 


3VPOWER 
SUPPLY - 
This 
power 
plane 
is 
the 
motherboard's 
3.3V power plane 
(not to be confused 
with 
the 
motherboard's 
5V 
power 
plane). 
This 
typically 
powers 
the- 3.3V cache, 
chipset 
and DRAM 
components 
on the Pentium 
processor 
family 
flexible 
motherboard. 
In 
cost 
effective 
motherboards, 
the 
3VPOWER SUPPLYis typically 
connected 
to the 
VI/O 
power 
plane; 
however, 
if the processor 
is a unified- 
plane 
processor, 
this plane 
will then be connected 
to 
both the VI/O and VCORE power 
planes 
as well (see 
next section). 
In a split plane, 
dual voltage 
processor, 
like the Pentium 
processor 
with MMX technology, 
the 
3VPOWER SUPPLYplane 
will be 
separated 
from 
the 
VCOREpower plane. 


NOTE 


The future Pentium 
OverDrive 
aprocessor 
with 
MMX 
technology 
will not internally 
connect 
VCOREto VI/O. 


SVPOWER SUPPLY- 
This 
is the 
motherboard's 
5V 
power 
plane. 
This 
plane 
will 
power 
the 
5V 
components 
such 
as 
DRAM, 
keyboard 
controller, 


mouse, 
FLASH 
BIOS memory, 
TIL 
Logic, 
and some 
UO bus components 
and connectors. 
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technology, 
because 
of their internal 
split power plane 


design. 


VCC2power pins and VCC3power pins simultaneously, 
or .by applying 
3.3V/VRE 
power 
to either 
the VCC2 


pins 
or the VCC3 pins 
separately. 
Since 
the internal 


power plane is unified, 
the power from the V CC2pins 
will flow to the V CC3pins and vice-versa. 


Pentium® 
Processor, 
Pentium 
OverDrive 
® Processor 
(Unified-plane 
Processors) 


Vcc2 = Vcc3 = 3.3V I VRE 


Pentlum 
processor 
with 
MMXTM technology 
(Split-plane 
Processor) 
Vcc2 = 2.8V, Vcc3 = 3.3V I VRE 


Pentium 
OverDrive 
processor 


with 
MMX technology 


(Split-plane 
Processor) 


Vcc2 = 3.3V I VRE, 
Vcc3 = 3.3V I VRE 
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Figure 
4. Pentlu~ 
Processor 
Family 
Power 
Plane Characteristics 


Table 4 
The Three Types 
of Pentlu~ 
Processor 
Power 
Planes 


Category 
Processor 


Unified Plane processors 
with Single 
Pentiu~ 
processors 
75 190 1 100 1 1201 133 1 150 1 166 
Voltage 
Input (vcc = 3.3VNRE) 
200 MHz, Pentium OverDrive® processors 
125/150/166 
MHz 


Split· Plane processors 
with Dual Voltage 
Pentium processors 
with MM)(TMtechnology 
(166, 200MHz) 
Input (VCC2= 2.8V & VCC3= 3.3V/VRE) 


Split-Plane 
processors 
with Single Voltage 
Future Pentium OverDrive 
processors 
with MMX technoloqy 
Input (Vcc=3.3VNRE) 
125/150/166/180/20C 
MHz 
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Figure 5. Unified Plane Current 
Flow vs. Split Plane Current 
Flow 


The Pentium 
processor 
with MMX technology 
has an 
internal split power plane which means that the VCORE 
and 
VI/O power 
planes, 
which 
are 
internal 
to 
the 
processor 
package, 
are electrically 
isolated. For proper 
processor 
operation, 
the VCC2pins have to be supplied 
with 2.8V 
while 
the VCC3 pins 
have 
to be supplied 
simultaneously 
with 3.3VNRE. 


The future Pentium 
OverDrive 
processor 
with MMX 
technology 
aJso 
has 
an 
internal 
split 
power 
plane 
which 
means 
that the VCORE and VI/O power 
planes, 
internal 
to the processor 
package, 
are also electrically 
isolated. 
In order 
to properly 
operate 
this OverDrive 
processor, 
the VCC2 pins and VCC3 pins must always 
be powered simultaneously 
with 3.3VNRE. 


NOTE 


The 
two 
power 
planes 
do 
not 
have 
to 
be 
powered by the same voltage source. 


3.4. 
Power Plane Connections 
and Voltage Regulator 
Shutdown 


As a flexible 
motherboard 
option, 
the two VCOREand 
VI/O power planes 
have the option of being connected 


via on resistors, jumpers, 
a Pentium 
processor 
75 I 90 
I 100 I 120 I 133 I ISO I 166 I 200 
or 
Pentium 
OverDrive 
processor, 
shorting 
blocks, 
or 
even 
MOSFETs 
(see 
Figure 6). 
MOSFETs 
are 
typically 
implemented 
in flexible 
motherboards 
with an auto- 
detect circuit and are an ideal solution 
for designing 
in 
an "automatic" 
power 
plane 
selection 
device 
using 
VCC2DET# 
as an input. 
-L 


VCC3 
~ 
VCC21 
'-- I 
MOSFE~,- 
. 


VCC2DET#= 1 
VCC2DET#=O 
VCC2 connects 
to ~C3 
VCC2 disconnects 
from 
YC3 


318706 


Figure 6. 
Use of MOSFETs 
to 
Connect/Disconnect 
Power Planes 


If a unified-plane 
processor 
is plugged 
into a flexible 
motherboard 
with two voltage 
regulators, 
one of the 


voltage 
regulators 
may 
"shut 
down". 
The 
voltage 
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regulator 
attached 
to the VCC2 power pins will always 


have 
a much 
higher 
current 
rating 
than 
the voltage 


regulator 
attached 
to the VCC3power pins because 
the 


VCC2 plane directly powers the processor 
core. When a 


Pentium processor 
75/90/ 
100/ 
120/ 
133/ 
150/ 
166 


/ 200 or Pentium 
OverDrive 
processor 
is plugged 
into 


the system, 
the current 
will flow from the VCC2 plane 


to the VCC3 power 
plane 
and shut down 
the weaker 


voltage 
regulator 
(the 
weaker 
voltage 
regulator 
will 
detect the increased 
current and shut itself down). This 


is acceptable 
provided 
the SA maximum 
specification 


for current 
flow across 
a unified 
plane 
processor 
is 
maintained 
(see 
Figure 7). 
However, 
when 
a 
split 


plane processor, 
like the Pentium processor 
with MMX 
technology 
or the future Pentium 
OverDrive 
processor 
with MMX technology, 
is inserted 
in the socket, 
the 
two 
regulators 
are 
electrically 
isolated 
and 
each 


continues 
to function. 
Also, the designer 
may design 


the motherboard 
such that the two voltage 
regulators 


current 
share; 
however, 
this 
is 
an 
implementation 


specific option and up to the designer's 
discretion. 


3.5. 
Voltage Supply 
Implementation Options 


There 
are 
several 
voltage 
supply 
implementation 


options 
to support 
all the 
different 
Pentium 
family 


processors 
on the flexible motherboard. 
The following 
options will be discussed 
in this section: 


I. 
Using 
a 
2.SV/3.3V 
auto-configurable 
voltage 
regulator. 


2. 
Using an on-board 2.SV regulator 
as a build option. 


3. 
Using the Voltage Regulator 
Module (VRM). Refer 
to Appendix 
A. 


3.5.1. 
2.8V13.3V AlITO-CONFIGURABLE 
REGULATOR 


An auto-configurable 
regulator 
circuit is an option 
for 
supply 
voltage 
implementation 
on 
the 
flexible 
motherboard. 
This 
approach 
allows 
all 
Pentium 
processors 
75 /90/100/120/133/150/166/200, 
Pentium 
OverDrive 
processors, 
Pentium 
processors 
with MMX technology, 
and future Pentium 
OverDrive 
processors 
with 
MMX 
technology 
to 
be 
easily 


supported 
without 
the 
need 
for 
any jumper/resistor 
configuration. 
Figure S shows two regulators 
that work 
together to form an auto-configurable 
voltage solution. 


2.8VNRE 
Regulator 


4.6AatVRE 
8 
ID 


Uniried·plane processor 


(200MHz) 


3.3V 


Regulator 


~ 
2.65A -processor 
(Vcc3) 


~ 
Cache 
Chipset 


3.3V Regulator 
may shut down when 
Unified-plane 
processor 
is Inserted 
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Figure 7. Regulator 
Shutdown 
Phenomenon 
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2.8V/3.3VNREro~ 


On-board 2.8V/3.3V 
uto- 
configurable regul 
or for core 


VCC2DET# 
from CPU 
selects 2.8V or 3.3V 
for core regulator 


Both regulators current 
share when 3.3V or VRE 
CPU is installed or 3.3VNRE 
regulator shuts down 


No jumpers required to 
connect the 2 planes in 
auto-configurable mode 


VCC2DET# = 0: VCORE = 2.BV, V,/o = 3.3V (or VRE) 
VCC2DET# = 1: VCORE = 3.3V (or VRE), V I/O = 3.3V (or VRE) 
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Figure 8. Auto-Conflgurable 
Voltage 
Regulator 
Solution 


The 
VCC2DET# 
pin. 
defined 
on 
the 
Pentium 
processor 
with MMX technology 
and Socket 7, is used 
to steer the voltage 
regulator 
supplying 
the processor 


core 
to 
the 
correct 
voltage 
depending 
on 
which 


processor 
is in the socket. 
On the Pentium 
processor 


with MMX technology, 
the VCC2DET# 
pin is always 
driven 
low (or grounded). 
On the Pentium 
processor 


75 I 90 I 100 I 120 I 133 I 150 I 166 I 200, Pentium 
OverDrive 
processor 
and 
future 
Pentium 
OverDrive 
processor 
with 
MMX 
technology, 
this 
pin 
is 
an 


internal 
no connect; 
therefore, 
the VCC2DET# 
signal 


trace 
needs 
an external 
pull-up 
resistor 
so that 
the 
auto-configurable 
regulator 
circuit does not confuse 
a 
Pentium processor 
75190 1100 1 120/133/150/166 


1 200 with a Pentium processor 
with MMX technology 
and apply the incorrect input voltages. 


When a unified-plane 
processor 
(Pentium 
processor 
75 
190 I 1001 1201 133 1 150 I 166 I 200 or Pentium 
OverDrive 
processor) 
is plugged 
into a Socket 7 in the 
auto-configurable 
system, 
the 
following 
events 
take 
place: 


I. The 
VCC2DET# 
signal 
is not 
asserted 
and 
the 


2.8V/3.3VNRE 
voltage 
regulator 
toggles 
to either 


3.3V or VRE voltage. 


2. 
The VCORE and VI/O power 
planes 
automatically 


become 
electrically 
shorted 
(VCORE + 
VI/O) 


because 
the 
processor 
unifies 
these 
two 
planes 


internal 
to the package. 
This 
is within 
processor 
specification 
provided 
that 
the 
total 
sum 
of 


electrical 
current 
flowing 
through 
the 
processor 


does not exceed 
8A. The 2.8V/3.3VNRE 
voltage 


regulator 
would have to be sized to accommodate 


the current draw of any other components 
attached 


to the 
VCORE + VI/O plane. 
The 
8A 
of current 


should 
be adequate 
to power the processor, 
cache 


and chipset. 


3. 
The 3.3NRE 
voltage 
regulator 
will then shut itself 


down 
as it detects 
the power 
flow 
of the much 


larger 2.8/3.3V NRE 
voltage regulator. 


1998 PentiunfY Processor 
Databook 


AP-579 / Pentium@ Processor 
Flexible Motherboard 
Design Guidelines 


When 
a split-plane, 
dual voltage 
processor 
(pentium 
processor 
with MMX technology) 
is plugged 
into a 
Socket 7 
in 
the 
auto-configurable 
system, 
the 
following 
events take place: 


I. 
The 
VCC2DET# 
signal 
is 
asserted 
and 
the 
2.8V/3.3VNRE 
voltage 
regulator 
toggles 
to 2.8V 
voltage. 


2. 
The 
VCORE and 
VI/a 
power 
planes 
remain 


'electrically 
isolated 
because 
the 
processor 
splits 
these two planes internal to the package. 


3. 
The 
3.3VNRE 
voltage 
regulator 
continues 
to 
function 
and supply 
the VI/a power 
plane 
which 
may include 
both 
the processor's 
VCC3 pins and 
any cache and chipset on the V I/Oplane. 


When 
a split-plane, 
single 
voltage 
processor 
(future 
Pentium 
OverDrive 
processor 
with MMX technology) 
is plugged 
into 
a Socket 7 in the 
auto-configurable 
system, the following events take place: 


I. 
The 
VCC2DET# 
signal 
is not 
asserted 
and 
the 
2.8V/3.3VNRE 
voltage 
regulator 
toggles 
to either 
3.3V or VRE voltage. 


2. 
The 
VCORE and 
VI/a 
power 
planes 
remain 
electrically 
isolated 
because 
the 
processor 
splits 
these two planes internal to the package. 


3. 
The 
3.3VNRE 
voltage 
regulator 
continues 
to 
function 
and supply 
the VI/a power 
plane 
which 
may 
include 
both the processor's 
VCC3 pins and 
any cache and chipset on the V I/Oplane. 


An auto-configurable 
voltage 
regulator 
solution 
may 
also be designed-in 
as a manufacturing 
stuffing option. 
In this case, both regulators 
are designed-in 
but only 
one regulator 
is populated 
on the board. This regulator 
needs 
to provide 
enough 
current 
capability 
to drive 
both the core and the 110 voltage 
planes. 
With only 
one 
regulator 
in 
the 
system, 
4-6 
on 
resistors 
or 


,external 
jumpers 
are also needed 
to connect 
both the 
core and I/O planes 
at manufacturing 
time (for split- 
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plane, 
single 
voltage 
processors). 
When 
the 
second 
regulator 
and associated 
circuitry 
is populated 
on the 
board, these jumpers 
are removed 
or left out to provide 
the full auto-configurable 
capability. 


3.5.2. 
2.8V REGULATOR 
AS A BUILD 
OPTION 


In 
this 
implementation 
option, 
the 
flexible 
motherboard 
is con figured 
at manufacturing 
build or 
assembly 
time for either the Pentium processor, 
75/90 
/ 100 / 120 / 133 / 150 / 166 / 200 (unified-plane, 
single-voltage 
processor) 
or 
the 
Pentium 
processor 
with 
MMX 
technology 
(split-plane, 
dual 
voltage 
processor) . 


NOTE 


All Pentium 
OverDrive 
processors 
and future 
Pentium 
OverDrive 
processors 
with 
MMX 
technology 
are intended 
as a consumer 
upgrade 
product 
for 
unified-plane, 
single-voltage 
processors. 


As 
shown 
in Figure 9, a 2.8V 
voltage 
regulator 
is 
designed-in 
and 
populated 
when 
the 
board 
is 
con figured 
to 
support 
the 
Pentium 
processor 
with 
MMX technology. 


When the 2.8V voltage regulator 
is not installed 
on the 
board, 
a Motherboard 
build option 
of 4-6 jumpers 
or 
on resistors 
(i.e. 
, #1206, 
1/8 watt, 
surface 
mount 
resistors) 
is recommended 
to connect 
the core and I/O 


voltage 
planes 
(in 
split-plane, 
single 
voltage 
processors 
and, 
optionally, 
unified-plane, 
single 
voltage 
processors 
as well) for an approximate 
current 
carrying 
capability 
of 
approximately 
5-8 
amps 


(dependent 
upon 
the 
quantity 
of 
components). 
However, 
a 
unified-plane 
processor 
will 
conduct 
current 
between 
the 
core 
and 
110 
voltage 
planes 
without a need for jumpers/resistors. 
Conversely, 
when 
the 
2.8V 
voltage 
regulator 
is 
assembled 
on 
the 
motherboard, 
the jumper/resistor 
build option 
should 
not be added in order to isolate the two voltage planes. 
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1/0 voltage supplied by 
on-board regulator or 
3.3V power supply 


3.3VIVRE 


~ 
2.8V~ 


On-board 2.8V regulator for 
Pentium® processor with 
MMXTMTechnology installed 
as a build option' 


Cache 
and 
chipset 
feed from this plane 


Min. 4 jumpers installed to connect both 
planes for 3.3V CPU, removed for Pentiurn'" 
processor with MMXTMTechnology 


318709 


3.5.3. 


Figure 
9. 2.8V Voltage 
Regulator 
Designed 
as a Build 
Option 


SAFEGUARDING 
THE PENTlUMQ!) 
PROCESSOR 
WITH MMXTM 
TECHNOLOGY 
ON THE FLEXIBLE 
~OTHERBOARD 


The 
Pentium 
processor 
with MMX 
technology 
core 
operates 
at 
2.8V. 
A 
Socket 7 
based 
flexible 
motherboard 
design 
that is not configured 
for 2.8V 


should 
implement 
some 
type 
of 
safeguarding 
mechanism 
to 
protect 
the. Pentium 
processor 
with 


MMX 
technology 
from 
getting 
the 
wrong 
voltage. 
Operating 
the 
Pentium 
processor 
with 
MMX 
technology's 
core 
at 
3.3 V 
could 
potentially 
cause 


damage to the processor. 


The VCC2DET# 
pin defined on the Pentium 
processor 


with. MMX technology 
and Socket 7 may be used to 
implement 
some type of protection 
circuitry 
that can 


be used to either disable 
the voltage 
source or prevent 


the processor 
from 
booting 
if the 
wrong 
voltage 
is 
detected. 


The example 
circuit shown in Figure 
10 may be used 


to 
prevent 
RESET 
from 
being 
generated 
to 
the 
processor 
if the wrong 
core voltage 
is detected. 
This 
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circuit uses a comparator 
to compare 
the core voltage 


to 
a reference 
voltage 
(-2.8V). 
If 
VCC2DET# 
is 


grounded 
(for 
the 
Pentium 
processor 
with 
MMX 


technology) 
and the core voltage 
is greater 
than 
the 


reference 
voltage, 
the output of the exclusive 
OR gate 


will be low 
which 
would 
signal 
the 
chipset 
to not 


assert 
RESET. 
Similarly 
if VCC2DET# 
is high 
(for 


3.3V processor), 
and the core voltage is lower than the 


reference 
voltage, the chipset 
should not be allowed 
to 


assert RESET. 


Another 
example 
of 
safeguard 
implementation 
is 
shown in Figure 
11. The approach 
here is to reduce the 


output voltage of the core regulator 
(3.3V or VRE) if a 


low level on VCC2DET# 
pin is detected. 
This would 


be a simpler 
and cheaper 
implementation 
for designs 


that are using 
an adjustable 
voltage 
regulator, 
where 


the 
output 
voltage 
level 
can 
be 
adjusted 
using 
a 


resistor divider. As shown in Figure 9, the value of the 
resistor divider is altered appropriately 
(bottom 
resistor 


is shorted 
to ground) 
when 
VCC2DET# 
indicates 
a 


zero. This effectively 
can reduce the output voltage 
to 
an appropriate 
level 
for the Pentium 
processor 
with 


MMX technology. 
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~ 
2.8V(1) 
2.8V(1) 
3.3V(O) 
3.3V(O) 


Vcc2DET# 
(8) 
(0) Pentium processor with MMXTechnology 
(1) Pentium processor 
(0) Pentium processor with MMXTechnology 
(1) Pentium processor 


(A) 
1 
o 
o 
1 


Vcc3 


Vcc3 


to chipset or 
MB logic which 
RESETs CPU 
Bias 
at -2.8VI--~ 


PowerGood 
from Power Supply 


318710 


Figure 10. External Safeguard Circuit to Prevent Processor from Booting 


OUT I---r-- 
Vcore 


ADJ 
Vcc3 
Linear 
Adjustable 
Regulator 


••••••••••- 
VCC2DET from CPU 


318711 


Figure 11. External Safeguard by Reducing the Output Voltage 


3.6. 
Split PowerPlaneLayout 
effects and board manufacturing 
capabilities 
(typically 


10-20 mils). 
Figure 
12 shows 
a 
typical 
layout 
of 
the 
separate 


voltage islands in the processor 
area. It shows the core 


Vcc pins (VCC2) clustered 
on one side of the processor 


to allow easy layout 
of the core 
voltage 
island. 
The 
remaining 
Vcc 
pins 
for 
the 
periphery 
(V CC3) 
are 


located on the other side and are part of the 110 voltage 
island (refer to Socket 7 pinout, see Appendix 
B). 


Implementing 
a power 
island 
on an existing 
power 


layer instead 
of assigning 
a separate 
power 
layer 
for 


core 
Vcc 
can 
be a more 
economical 
solution. 
The 
separate 
voltage 
island can be isolated 
from the other 


section of the power plane using an air gap. The size of 
the 
air gap 
is determined 
by 
analysis 
of the 
noise 
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Core Vcc 
110Vcc 
Island 
Island 


Includes 3.3V 
CacheSRAM, 
chlpsetetc. 


318712 


Figure 12. Processor 
Power Island Layout 


The 110 Vcc 
island 
should 
also 
include 
other 
3.3V 


components 
that interface 
with the processor. 
A typical 
configuration 
would include 
3.3V cache SRAM. 
3.3V 
chipset 
110. and processor 
110 on the same 3.3V 110 
voltage 
island. 
This 
ensures 
that 
signals 
interfacing 
between 
the 
processor 
and 
other 
3.3V 
components 


operate at the same voltage levels. This is also to avoid 
split 
plane 
crossovers 
for 
these 
signals 
which 
is 


recommended 
for better 
signal 
quality 
and 
reduced 
EMIIRFI effects. 


Routing 
of the 
power 
source 
to the 
voltage 
islands 
should 
also 
be 
carefully 
done 
to avoid 
significant 
voltage 
drop 
at 
the 
processor 
and 
an 
increase 
in 
thermal 
dissipation 
in 
the 
voltage 
islands. 
It 
is 


recommended 
that 
wide 
traces 
be 
used 
to prevent 
excessive 
voltage 
drop across 
the power 
plane. 
Also 
vias 
and 
through-holes 
cutting 
through 
the 
power 
plane at critical widths should be avoided. 
, 


3.7. 
Oecoupling 
When using jumpers 
or on resistors to connect the two 
power planes (in the case of single voltage processors). 
the 
number 
of jumpers 
should 
be chosen 
so as to 


provide 
enough 
current 
carrying 
capability. 


Insufficient 
number of jumpers 
will result in excessive 
voltage 
drop 
and other 
reliability 
problems. 
For the 


flexible 
motherboard, 
a 
minimum 
of 
four 
(six 


recommended) 
zero-ohm, 
#1206, 
1/8 
watt, 
surface 


mount resistors should be used. 


The small size of the processor 
core voltage 
island, its 


isolation 
from 
the 
motherboard 
power 
plane, 
and 


support 
of varied 
voltage 
requirements 
make 
proper 
decoupling 
of the 
island 
power 
plane 
voltage 
and 
ground 
plane 
essential. 
Appropriate 
decoupling 


capacitors 
are implemented 
on the voltage 
island near 
the processor 
to ensure that the processor 
voltage stays 


within 
specified 
limits 
during 
normal 
and 
transient 


conditions. 
There 
are two types 
of decoupling 
that 
need 
to be 
considered: 
bulk 
decoupling 
and 
high 
frequency 
decoupling. 
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The 
Auto-HALT 
Power 
Down 
feature 
is 
always 
enabled 
even 
when 
other 
power 
management 
features are not implemented. 
3.7.3. 
DECOUPLlNG 
RECOMMENDATIONS 


All of these examples 
may cause abrupt changes 
in the 
power consumed 
by the processor. 


Table 5 shows the processor decoupling recommendations 
for the flexible motherboard 
for both the processor 
core 


and lIO voltage 
islands. 
This is based 
on simulation 
and testing of the voltage transients 
from the processor 
and the effects of motherboard 
decoupling. 


As the voltage 
supply 
(regulator) 
cannot respond 
to a 


sudden 
load 
change 
instantaneously, 
bulk 
storage 
capacitors 
with low ESR (Effective 
Series Resistance) 


are 
used 
to maintain 
the 
regulated 
supply 
voltage 


during 
the 
interval 
that 
falls 
between 
the 
time 
the 


current 
load changes 
and the pointthat 
the regulated 
power supply output can react to the change in load. In 
order to reduce the ESR, it may be necessary 
to place 


several bulk storage capacitors 
in parallel. 


Spice 
modeling 
(modeling 
worst 
case 
current 
transients 
including 
the processor 
package 
inductance, 


capacitance, 
routing, 
decoupling, 
voltage 
regulator 
output inductance, 
etc.) should be used to estimate 
the 


amount 
of decoupling 
capacitance 
for the processor 
voltage island. 


3.7.2. 
HIGH FREQUENCY 
DECOUPLlNG 
It is highly 
recommended 
that before 
committing 
to 
any 
change 
from 
the 
decoupling 
capacitor 
recommendation, 
the 
solution 
be 
simulated 
for the 
variety 
of variables 
in components, 
temperature 
and 
lifetime degradation. 


High 
frequency 
decoupling 
may 
be 
required 
to 


provide a short, low impedance 
path to high frequency 


components 
such 
as high current 
spikes 
in order 
to 


Table 5 
Decoupllng 
Recommendations 
for Processor 
Core and I/O Voltage 
Islands 


Quantity 
Value 
ESR 
ESL 
Type 


Processor 
Core 
4 
100llF 
25 monms" 
0.45 nH (3) 
Tantalum 
Voltage 
Island 


25 
1 IlF 
0.6 mOhms 
(2) 
0.084 nH (.) 
X7R dielectric, 
ceramic 


Processor 
I/O 
12 
0.11lF 
603 Type 
Voltage 
Island 
(5) 


NOTES: 
1. 
ESR per capacitor should be less than 100 mOhms. 


2. 
ESR per capacitor should be less than 15 mOhms. 


3. 
ESL per capacitor (including 0.7 nH Via inductance per capacitor) should be less than 2.7 nH. 


4. 
ESL per capacitor (incluQing0.7 nH Via inductance per capacitor) should be less than 2.1 nH. 


J. 
This does not include decoupling for components 
other than the processor 
in the 3.3V 1/0 voltage island. 
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For 
bulk 
decoupling, 
tantalum 
capacitors 
are 
recommended 
over electrolytic 
capacitors. 
In general, 
electrolytic 
capacitors 
degrade 
at a much 
faster 
rate, 


are 
not 
as 
accurate, 
and 
are 
not 
as 
stable over 
temperature 
as tantalum capacitors. 


For 
high 
speed 
decoupling 
in 
the 
processor 
core 
voltage island, low inductance, 
IIIF capacitors 
of X7R 


dielectric 
are recommended. 
These capacitors 
not only 
decouple 
the processor 
core for high frequency 
noise 
but also control 
the voltage 
during 
very fast transients 


(less 
than 
100 ns.) 
Figure 
13 
shows 
that 
ceramic 
capacitors 
of X7R (or X7S) dielectric 
exhibit relatively 
stable capacitor 
characteristics 
over 
temperature 
compared 
to capacitors 
ofZ5U 
or Y5V type dielectric. 
For example, 
at a typical 
operating 
temperature 
of 


45°C, 
the Y5V dielectric 
can lose 45% of the initial 


rated capacitance. 


Measurement 
techniques 
to ensure 
that motherboard 
designs 
are 
within 
Vcc 
noise 
and 
transients 
specification 
are discussed 
in the following 
application 
notes (see Appendix E for order information). 


• 
Voltage 
Guidelines 
for Pentiumw 
Processors 
with 
MM)(TMTechnology 
Processors 


• 
Implementation 
Guidelines 
for 
Pentium's 


Processors 
with VRE Specifications 


intet~ 


3.7.4. 
PLACEMENT OF DECOUPLlNG 
CAPACITORS 


Figure 
14 shows an example 
of how the recommended 


processor 
decoupling 
capacitors 
(Table 5) should 
be 


placed 
inside 
the 
respective 
voltage 
islands 
on 
the 
flexible 
motherboard. 
The bulk capacitors 
should 
be 


placed 
near the processor 
inside the voltage 
island to 
ensure 
that the supply 
voltage 
stays 
within 
specified 


limits 
during 
changes 
in the 
supply 
current 
during 
operation. 
The I IIF, X7R capacitors 
should 
be evenly 


distributed 
inside 
the 
processor 
core 
voltage 
island 
inside 
and around 
the processor 
footprint. 
Figure 12 


also shows the twelve 0.\ !IF capacitors 
evenly 
placed 
around the processor, 
close to the processor 
VCC3 pins 
inside the processor 
I/O voltage island. 


In this example, 
all the capacitors 
were placed 
on one 
side 
of the board. 
If components 
are 
assembled 
on 


both sides of the board 
then these 
capacitors 
can be 


distributed 
between 
the top and bottom 
sides. 
If done 


this way, 
vias connecting 
the capacitor 
pads 
to the 
power 
and ground 
layer 
can be shared 
between 
the 
capacitors 
on the top and bottom 
sides. This can help 


reduce the total overall capacitor inductance. 


Typical Capacitance Change vs. Temperature 
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.' ...."j 
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/ 
<,<, 
·50 
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<, 
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Coefficient 
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X7R: +/·15% 
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25 
50 
Temperature (Degrees Celsius) 


1--- X7R ..•.•. 
Z5U---Y5VI 


Figure 13. Typical Capacitor Characteristics 
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100UF Tantalum 
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_ 
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Figure 14. Example 
of Processor 
Decoupllng 
Capacitor 
Placement 


The traces 
connecting 
the vias to the capacitor 
pads 


should be kept as short as possible. 
In cases where it is 
difficult to reduce the length of the circuit board trace, 
the trace should 
be made 
wider 
so as to reduce 
the 
trace inductance. 


3.8. 
Signal Routing Guidelines 


As the power plane on the flexible motherboard 
is split 


into separate 
voltage 
islands, 
signal routing 
should be 
done 
in such 
a way 
so as to minimize 
crossovers 
between 
voltage 
islands for high speed 
signals. 
Signal 
routing 
between 
the voltage 
islands 
and the 
system 


power 
plane 
should 
be limited 
to only 
those 
signals 
that 
absolutely 
need 
to cross 
the 
gap 
between 
the 
island and the power plane. This is to avoid possible 
signal 
degradation 
from 
impedance 
discontinuity 
effects. 
Significant 
levels of EMI could 
be generated 
by electromagnetic 
radiation 
from 
high 
speed 
traces 
(such 
as clocks, 
strobes, 
data lines, 
and low address 
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lines) when their return path is interrupted. 
On a multi- 


layer board this return path is on the power or ground 
plane that is adjacent 
to the signal layer directly 
under 
the signal trace. If this trace is routed 
over a break in 
the return 
path, the return 
current 
has to find another 
longer 
path 
in order 
to maintain 
current 
continuity. 


The increased 
area generated 
by the signal trace and 
the length 
of this extended 
return 
path .can lead 
to 
increased 
radiation levels from this signal trace. 


The 
following 
guidelines 
should 
be 
followed 
when 


routing 
high 
speed 
signals 
on 
the 
flexible 
motherboard: 


Clocks 
and 
Strobes: 
These 
signals 
should 
not be 


routed over breaks 
in the reference 
plane return 
path. 


Use of vias to connect between 
signal planes should be 
minimized. 
and 
the 
signal 
planes 
should 
be 
within 
8 mils of the reference 
plane. Clock signals 
should be 


routed on the layer that is adjacent to the ground layer. 
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Data Bus and Low Address 
Lines: 
These signals can 
be routed 
on any signal 
layer. However, 
it is desired 
that the number 
of traces 
crossing 
over 
splits 
in the 
return 
path 
plane 
be minimized 
and 
ideally 
kept 
to 
zero. Among 
this group, 
signals 
that do need to cross 
the gap should 
be routed 
on the signal layer near the 


ground 
plane to minimize 
radiated 
emissions 
(using a 


via, a trace 
may 
be taken 
down 
to the layer 
that is 
referenced 
to the ground plane). On a four layer board, 
the 
signal 
layer 
with 
the 
least 
potential 
for 
signal 


crossovers 
should 
be placed 
adjacent 
to the 
power 
plane. 
Capacitive 
decoupling 
across 
the split planes 


can 
also 
be used 
near 
signal 
crossovers 
(for 
those 


which 
cannot 
be 
avoided) 
to 
help 
reduce 
the 
magnitude 
of EM! 
radiation. 
Within 
an inch 
of the 


signal crossover 
violation, 
a 0.1 IlF ceramic 
capacitor 


should 
be placed 
across 
the power 
plane 
gap, 
using 
one capacitor 
for every three trace violations 
(provided 
they are all within the one inch limit). 


3.9. 
Thermal and Physical Space 
Considerations 


The 
thermal 
design 
of a system 
using 
the 
flexible 
motherboard 
should be based on the worst case power 
dissipation 
and related 
thermal 
requirements 
for the 


processors 
that are supported. 


The Pentium processor 
75 190 1 lOO 1 120/1331 
ISO 1 


166 
1 200 
and 
Pentium 
processor 
with 
MMX 


technology 
use OEM 
specified 
heatsinks 
which 
are 
dependent 
upon 
the entire 
system 
cooling 
solution. 
The maximum 
case temperature 
for these 
processors 
should 
not exceed 
70°C 
to ensure 
proper 
operation. 


Heatsinks 
also may need a certain 
airflow 
in order to 
maintain 
their 
specified 
temperature. 
For 
detailed 
information 
refer to the respective 
datasheet 
for these 
processors 
(see 
Appendix 
E). 
In 
addition, 
detailed 
discussion 
of thermal 
design 
issues 
for the Pentium 


processor 
is covered 
in Pentiumu 
Processor 
Thermal 
Design Guidelines 
(see Appendix E). 


The Pentium OverDrive 
processors 
and future Pentium 
OverDrive 
processors 
with 
MMX 
technology 
are 


shipped with integrated 
fanlheatsink 
cooling 
solutions. 


Although 
these fanlheatsinks 
remove the heat from the 
package, 
the system 
should 
be able 
to dissipate 
the 


added 
heat 
to the 
system. 
From 
Table I, the 
future 
Pentium 
OverDrive 
processor 
with MMX technology 
dissipates 
the most 
power 
at 200 MHz. 
The 
system 


provides 
sufficient 
airflow to dissipate 
this power from 
the 
system 
and 
prevent 
the 
temperature 
of the 
air 


entering 
the fanlheatsink 
from exceeding 
45°C. When 


the 
TA (max) 
!> 45°C 
specification 
is met 
(TA = 


ambient 
temperature), 
the 
Pentium 
OverDrive 


intet 


processor 
and 
future 
Pentium 
OverDrive 
processor 
with MMX technology 
fanlheatsink 
will keep Tc (case 


temperature) 
within 
the 
specified 
range, 
provided 
airflow 
through 
the 
fanlheatsink 
is unimpeded. 
The 


ambient 
temperature 
should 
be 
measured 
approximately 
0.3" above the top of the fanlheatsink. 


Figure 
15 illustrates 
the thermal 
and 
physical 
space 


specifications 
for the 
Pentium 
OverDrive 
processor 
and 
the 
future 
Pentium 
OverDrive 
processor 
with 
MMX technology. 


Physical 
space 
specifications 
for the 
future Pentium 


OverDrive 
processor 
with 
MMX 
technology 
are 


summarized 
as follows: 


• 
1.75" vertical clearance 
above the surface (opposite 
pin side) of Socket 7 when installed. 


• 
0.2" clearance around all four sides of the package. 


• 
Space 
greater 
than 
specified 
above 
for end-user 


installation. 


3.9.1. 
VOLTAGE 
REGULATOR 
THERMAL 
DESIGN CONSIDERATIONS 


Voltage 
regulators 
are typically 
shipped 
with passive 


heatsinks 
for 
heat 
dissipation 
and 
may 
require 


adequate 
airflow. 
For 
a 
45 
to 
50°C 
ambient 


temperature, 
voltage 
regulators 
typically 
call 
for an 
airflow 
of 200 LFM 
to ensure 
proper 
cooling. 
The 


airflow 
is 
parallel 
to 
the 
surface 
of 
the 
voltage 


regulator 
to ensure that the heatsink 
receives 
adequate 


airflow. 
Refer to your voltage 
regulator 
datasheet 
for 
actual specifications. 


3.9.2. 
DESKTOP 
SYSTEM 
THERMAL 
DESIGN CONSIDERATIONS 


To avoid localized 
heating 
at the processor, 
a clear air 


path and adequate 
venting 
is provided 
to prevent 
hot 


spots from occurring. 
A typical solution-to 
this thermal 
problem 
is to add an auxiliary 
fan to the front vents of 
the 
chassis, 
directing 
airflow 
across 
the 
processor. 


While this solution 
would appear 
to be fairly simple, 


the addition 
of a second 
fan can 
actually 
cause 
the 


problem 
to intensify. 
Unless 
the 
front 
vents 
are 
of 


sufficient 
size, and placement 
of the fan is carefully 


considered, 
the auxiliary 
fan can actually 
cause the air 


heated 
by the processor 
and other components 
to be 


re-circulated 
within the system rather than expelled 
out 


the back of the chassis. This heated air can easily raise 
the 
temperature 
around 
the 
processor 
beyond 
the 


temperature 
specifications 
for the components 
in the 


system. 
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Figure 15. Thermal 
and Physical 
Space Requirements 
for the 
Pentium40 OverDrlve® 
Processor 
with MMXTM Technology 


When adding an auxiliary fan to the system, the size of 
the chassis 
vents deserves 
special 
consideration. 
The 


fan is most effective 
when all of the air pushed through 


the fan blades 
comes 
from outside 
the chassis. 
If the 


vents are too small or inadequate 
for the fan velocity. 
gaps between 
the fan and chassis 
will cause 
air from 


inside the system to be drawn through 
the fan, causing 


re-circulation 
of heated 
air. The position 
of the fan is 


also critical. 
The highest 
air flow is from the blades 
and not from the center 
of the fan. Care 
should 
be 


taken not to block the blades with frame supports. 


For 
details 
on 
Baby 
AT 
style 
chassis 
design 


suggestions, 
refer 
to the application 
note, 
Pentiumo 


Processor 
Chassis 
Design 
Suggestions 
available 
on 


CD-ROM 
(See Appendix 
E). 


3.10. 
BIOS/Software 
Considerations 


As 
the 
flexible 
motherboard 
can 
accommodate 
a 


variety of processors, 
the BIOS is designed 
such that it 


can support 
all the different 
processors 
on the flexible 


motherboard. 
The BIOS code should 
use the CPVID 


instruction 
to identify the processor's 
CPVID signature 


(see Section 2.3.). 
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Other considerations 
for BIOSlsoftware 
on the flexible 
motherboard 
include the following: 


• 
Processor 
test 
code 
should 
be 
independent 
of 
model specific registers 
(MSR). Various 
processors 


have 
different 
caches. 
test 
registers, 
and 
core 
architecture; 
e.g. the Pentium 
processor 
with MMX • 


technology's 
cache 
size 
and 
associativity 
is 


different 
from the Pentium 
processor 
75 1 90 1 100 1 
120/133/150/166/200 
resulting 
in differences 
in cache test registers. 


• 
Since 
processors 
of various 
core 
frequencies 
are 
supported 
on the flexible 
motherboard, 
BIOS code 
should 
not contain 
any software 
timing 
loops and 
should be independent 
of the prefetch algorithm. 


3.11. 
Dual Processor Design 
Considerations 


The 
Pentium 
processor 
family 
flexible 
motherboard 
may also be designed 
as one planar 
board to support 
uni-processor 
(VP) and 
dual-processor 
(DP) 
modes. 


This 
provides 
the 
flexibility 
of 
using 
the 
same 
motherboard 
populated 
with either one socket (for VP 


system) 
or two 
sockets 
(for 
DP 
system.) 
Figure 
16 


shows the layout for a split plane flexible motherboard 
designed with two sockets. 
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Figure 16. Layout of a DP Flexible 
Motherboard 


The following 
needs to be considered 
when designing 
a split plane flexible motherboard 
with two sockets: 
. 


• 
The power islands should be laid out such that the 
processor 
cores share one common 
island and the 


UO 
share 
another 
island. 
This 
minimizes 
the 
number 
of islands 
resulting 
in better signal quality 
and reduced EMI effects. 


• 
Socket 7 should only be used at the primary 
socket 


location. 
The secondary 
socket footprint 
should not 
be designed with the Socket 7 footprint. 


NOTE 


Pentium 
OverDrive 
processors 
and 
future 


Pentium 
OverDrive 
processor 
with 
MMX 


technology 
do 
not 
support 
dual 
processor 


operation. 
The 
296-pin 
LIF 
or 
ZIF 
socket 
should 
be 
used 
at 
the 
secondary 
socket 


location. 


• 
The 
primary 
socket 
location 
should 
always 
be 


populated. 
The nets should 
be balanced 
for worst 
case. timing 
when the primary 
processor 
is driving 


the bus. 
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• 
A single on-board voltage regulator (or VRM) 
should be used to support one or two processor 
cores. The on-board voltage regulator is located 
close to the processor such that the resistance and 
inductance is minimized. 


• 
The 
recommended 
decoupling 
capacitors 
(Section 3.3.) should be used for each processor 
location to ensure that the 
voltage 
for each 


processor 
stays within specified limits during 


normal and transient conditions. 


• 
The on-board voltage regulator (or VRM) needs to 
provide sufficient current in DP mode to support 
two processors unified on a single motherboard 
power 
plane 
and 
other 
3.3V 
I/O 
current 
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requirements in the I/O voltage island. For a 
200 MHz, 
split-plane, 
dual-voltage 
input, 
DP 


Pentium processor 
with the MMX technology 


system, this amounts to approximately 11.4A at 
2.8V and approximately 3-4A at 3.3V of typical 
current requirement. This assumes 5.7A at 2.8V for 
each of the processors, 
IA for each 
of the 


dedicated 512K cache, and approximately l.OA for 
the chipset. Actual current requirements will vary 
based on the devices used. In particular, current 
requirements 
should 
be 
carefully 
analyzed 
if 


implementing 3.3V DRAM powered from the I/O 
voltage island. 
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APPENDIX A 


A1.0. VOLTAGE 
REGULATOR 
MODULE 


The Voltage 
Regulator 
Module 
(VRM) 
offers flexibility 
in that it allows 
processors 
with different 
voltage 
and 
current 
requirements 
to 
be 
easily 
supported 
on 
the 
flexible 
motherboard. 
The VRM 
is a voltage 
converter 
with 
a pinout 
capable 
of converting 
a system 
power 
supply voltage to the voltage 
necessary 
for the processor 
core. 
The 
only 
difference 
between 
the 
VRM 
and 
a 
voltage 
regulator 
on the motherboard 
is the pin out and 


ease 
in 
changing 
the 
processor 
supply 
voltage 
after 
assembly. 
By following 
a common 
pinout specification, 
a 
variety 
of VRMs 
may be developed 
by the OEM 
and 
third 
party 
vendors 
to support 
the 
Pentium 
processor 
family. 


Figure 
17 shows 
how 
the 
Voltage 
Regulator 
Module 
allows 
processors 
with 
different 
voltage 
and 
current 
requirements 
to be supported 
on the flexible motherboard 
using interchangeable 
VRMs. 


/Header7 


;~~3'~ 
VCC Shorting Block used for 
standard 3.135-3.60V Pentium® 
processor, Pentium OverDrive® 
• 


processor, and Pentium 
OverDrive processor with MMXTM 
Technology 


00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
VAM for VAE s-spec CPU 


l,Fn.:~ 
~~~ 
.. 
BMMi] 
2.8V VRM for Pentium® processor 
with MMXTM technology 
(Supplies Vcc2 to CPU core) 


Socket 7 
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Figure 17. Voltage 
Regulator 
Modules 
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When 
the processor 
socket 
is populated 
with either 
the 
Pentium processor 
75 I 90 1100 1120 1133 1150 1166 I 


200, 
the 
Pentium 
OverDrive 
processor, 
the 
Pentium 
processor 
with MMX 
technology 
or the future Pentium 


OverDrive 
processor 
with MMX 
technology, 
an OEM 


shorting 
block (pass-through 
module) 
can be installed 
in 


the 
VRM 
socket 
which 
allows 
3.3V 
from 
the 
power 


supply 
(or on-board 
3.3V regulator) 
to pass through 
to 
the processor core and 110 voltage islands. 


When the processor 
socket 
is populated 
with a Pentium 


processor 
75 190 I 100 I 120/ 
133 I 150 I 166 I 200, a 
Pentium 
OverDrive 
processor, 
or 
a 
future 
Pentium 


OverDrive 
processor 
with MMX technology 
running 
on 


VRE voltage, 
a VRM designed 
for the specific 
operating 


voltage 
is used to supply 
the proper 
voltage 
to the core 
and 110 voltage islands. 


NOTE 


The VRM in this case needs to supply 
sufficient 


current 
to 
support 
higher 
frequency 
upgrade 
processors 
(Pentium 
OverDrive 
processor 
or 
future 
Pentium 
OverDrive 
processor 
with MMX 
technology) 
when installed. 


When the processor 
socket is populated 
with the Pentium 


processor 
with 
MMX 
technology, 
a 
2.8V 
VRM 
is 
installed 
in the 
VRM 
socket 
to supply 
2.8V 
to 
the 
processor 
core's 
VCC2 pins. 
The 
3.3V 
supplied 
to the 


processor 
1/0 is not provided 
by the VRM in this case. 
The VRM only supplies 
2.8V to the core VCC2 pins. The 


Pentium 
processor 
with 
MMX 
technology 
VRM, 
however, 
will have 
provisions 
to allow 
3.3V 
from the 


power 
supply 
to 
pass 
through 
to 
the 
processor 
I/O 
voltage island. 


Table 6 summarizes 
the typical processor 
voltage 
supply 
configuration 
with the VRM. 


A1.1. 
Header 7 


The VRM header (Header 
7) is a 30-pin shrouded 
header 
with retaining 
clips. 
The 
retaining 
clips 
in the 
header 
hold the VRM in place when installed 
properly. 
The pins 
are set as 2 x IS matrix. 
The power 
pins are capable 
of 
carrying up to 2A each. 


The definition 
of Header 
7 connections 
include: 
eight 


input voltage 
pins (four pins for +3.3V 
input, 
four pins 
for +5V input); 
ten output 
voltage 
pins 
(seven 
VCORE 


pins that supply 
voltage 
to the processor 
core and three 
VI/Opins that connect 
to the voltage 
island supplying 
the 


processor 
VCC3 pins); three control 
signal pins (Disable 


input, Power Good output, 
Sense input); seven Vss pins 


(Ground 
reference); 
one +12V 
pin (+12V 
or NC); and 
one RES pin (reserved 
for future use). Refer to the end of 


Appendix 
A for the VRM pinout and quick pin reference. 


The 
5V 
input 
pins 
on 
Header 
7 
are 
intended 
for 


regulation 
to 3.3V or 2.8V or any other voltage necessary 


for the processor. 
The 3.3 V inputs 
can also be used for 


regulation 
(e.g. 2.8V) 
or as a source 
to connect 
to the 


processor 
3.3V 
110 plane 
through 
the 
VI/O pins. 
The 


+ 12V reference 
is used on some of the VRM's 
targeting 
VRE specifications. 
It is recommended 
to route +12V to 


this pin. 


Table 6. Typical 
Processor 
Voltage 
Supply 
Configuration 
with 
VRM 


Core Vcc 
110 Vcc 


PentiurTIll>processor 
STD voltage 
Shorting 
Block 
Same as Core Vcc (') 


(3.135V - 3.60V) 
. 


VRE (3.40V - 3.60V) 
3.40V to 3.60V VRM 
(2) 
Same as Core Vcc 


Pentium processor 
with 
2.8V VRM 
3.3V Power Supply or on-board 
3.3V regulator 
MM)(TMtechnology 


Pentium OverDrive® 
processor 
and 
Shorting 
Block 
Same as Core vcc 


future Pentium OverDrive 
processor 
with MMX technology 


NOTES: 
1. 
Core and 1/0 voltages are supplied by the 3.3V power supply or an on-board 
3.3V voltage regulator through fie VRM 
header. 


2. 
3.40V to 3.60V VRM supplies voltage to the processor 
core, 1/0 and other 3.3V components 
on the motherboard 
that 


interface with the processor. 
The VRM is able to supply enough current (7A typical) to the processor, 
3.3V cache and 
chipset in the processor 
1/0 voltage island. 
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The primary 
output 
of the VRM 
is through 
the VCORE 
pins. 
These 
pins 
supply 
the voltage 
necessary 
for the 
processor 
core. The Vuo output pins are connected 
to the 
processor 
power 
plane 
supplying 
the 
processor 
VCC3 
pins. These Vuo pins are connected 
to the VCOREpins on 
VRMs that need to power 
both the processor 
core and 
110 from a single source (e.g. VRE VRMs.) 


The control 
signals 
DISABLE 
and PWRGOOD 
on the 
VRM 
header 
are optional 
control 
signals 
provided 
for 
system 
use. It is up to the 
discretion 
of the 
OEM 
to 
decide 
whether 
to 
implement 
circuitry 
to 
use 
these 
features. 
The 
SENSE 
input, 
however, 
allows 
voltage 
regulators 
on the modules 
to adjust their output 
voltage 
to correct for a voltage 
drop through 
the connectors 
and 
power 
plane. SENSE should 
be routed 
to a point in the 
center 
of the processor 
core 
voltage 
island. 
The 
sense 
line can make contact 
to the power 
plane through 
a via 
supporting 
one of the decoupling 
capacitors. 


If the 
flexible 
motherboard 
is designed 
with 
a VRM 
header, 
the 
+3.3V 
inputs 
on 
the 
VRM 
header 
are 
connected 
directly 
to the Vuo pins through 
the module 
(Pentium 
processor 
with 
MMX 
technology 
VRM) 
to 
supply 
the 
processor 
110 voltage 
island. 
In the 
case 
where 
a VRE VRM 
is used, 
the module 
connects 
the 
VCOREoutput pins to the Vuo pins to allow both islands 
to 
obtain 
the 
same 
voltage. 
The 
best 
solution 
for 
connecting 
the output of the 3.3V or VRE supply to both 
the 
voltage 
planes, 
when 
a unified 
plane 
processor 
is 
used, is through the VRM header. A shorting 
block in the 
VRM header 
to connect 
the 3.3V supply 
inputs 
on the 
VRM to the VCOREand Vvo outputs 
will provide the best 
electrical 
performance. 


A1.2. 
Shorting 
Block or Pass- 


Through 
Module 


The shorting block or Pass-Through Module is nothing more 
than a connector 
which shorts the 3.3V input pins to the 
VCOREand Vuo pins on the VRM header. This is used with 
the Pentium processor 75/90/100 
1120 1133/150/1661 
200, 
the 
Pentium 
OverDrive 
processor, 
and 
the 
future 
Pentium OverDrive 
processor with MMX technology. 
The 
shorting block allows voltage from the 3.3V power supply or 
on-board 
3.3V 
voltage 
regulator 
to pass through 
to the 
processor core and 110voltage islands. 


A1.3. 
VRM for Processors 
Running 


atVRE 


The 
Voltage 
Regulator 
Module 
concept 
allows 
VRE 


(3.40V 
to 3.60V) 
processors 
to be easily 
supported 
on 
the flexible motherboard. 
A VRM designed 
for the VRE 


voltage 
range 
is used 
in Header 
7 to supply 
the VRE 
processors. 
The VRM in this case supplies 
voltage to the 
processor 
core, 
110 and other 
3.3 V components 
on the 
motherboard 
that interface 
with the processor. 
The VRM 
provides adequate 
current for all these components. 


A1.4. 
VRM for Pentium® Processor 
with MMXTM Technology 


The 
VRM 
for 
the 
Pentium 
processor 
with 
MMX 
technology 
supplies 
5.7A 
at 2.8V 
(200 MHz) 
for the 
processor 
core. 
The 
VRM 
will regulate 
down 
to 2.8V 
from 
either 
5V 
or 
3.3V. 
The 
3.3V 
supplied 
to 
the 
processor 
110 will come 
from 
the 
3.3V 
system 
power 
supply 
or 
on-board 
3.3V 
regulator. 
The 
Pentium 
processor 
with 
MMX 
technology 
VRM 
will have 
the 
+3.3V inputs 
shunted 
to the Vuo outputs 
to allow 3.3V 
inputs 
to the VRM header 
to pass through 
to the 3.3V 
processor 110 voltage island. 


NOTE 


The 
Voltage 
Regulator 
Module 
for 
2.8V 
processors 
will not generate 
the 3.3 volts for the 
processor 
110 supply. 
This 
is necessary 
due 
to 
space constraints 
of the module 
and the potential 


power 
limitations 
for 
3.3V 
components. 
The 
modules 
for 2.8V processors 
can connect 
the Vuo 
pins to the 3.3V input for ease of implementation. 
The 
system 
provides 
adequate 
current 
for 
the 
3.3V components 
on the Vuo plane. 


A1.5. 
VRM Header Placement 


The 
VRM 
header 
should 
be 
located 
close 
to 
the 
processor 
socket. This is to prevent 
an excessive 
voltage 
drop across the power plane and allow the header 
to be 
easily 
located. 
It is recommended 
that the VRM header 
be located 
no further 
than 
I inch 
from 
the 
processor 
socket. 


NOTE 


The VRM specifications 
allow for a maximum 
of 
7 mOhms 
resistance 
and a maximum 
of 3.4 nH 
inductance 
from VRM to processor 
V CC2pins. 


The VRM header should be placed 
such that it provides 
easy 
routing 
of the core 
and 110 voltage 
islands 
from 
processor 
to VRM. 
The header 
may be located 
on the 
handle 
side of Socket 7 or any of the two sides that are 
closest to the handle side. Placing the header on the side 
that is opposite 
to the handle side is not recommended 
as 
it increases 
the 
distance 
from 
VRM 
to the 
processor, 


thereby 
increasing 
the 
voltage 
drop 
across 
the 
power 
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plane. 
It also 
makes 
routing 
to the 
core 
island 
more 
difficult. If the VRM header is placed on the handle side 
of Socket 7, it should be located 
no closer than 0.5 inch 


to the ZIF handle. 
This clearance 
allows 
easy access 
to 
the socket handle. 


Location 
of 
the 
VRM 
header 
with 
respect 
to 
the 


processor 
socket 
should 
also take into consideration 
the 


following: 


• 
The 
distance 
from 
motherboard 
surface 
to 
VRM 


component 
overhang 
should 
be kept at a minimum 
vertical distance of 0.55". 


• 
Ease of routing the 3.3V voltage island from the 3.3V 
power 
supply 
to 
the 
+3.3V 
inputs 
on 
the 
VRM 


header. 


• 
The VRM does not impede the installation 
of full size 
add-in cards in the 110 slots. 


• 
The VRM 
is located 
such 
that it receives 
adequate 
airflow 
to 
ensure 
proper 
cooling. 
The 
airflow 
is 


parallel 
to the surface 
of the VRM to ensure 
that the 


heatsink on the VRM receives adequate airflow. 


• 
Use of logic analyzer 
probes - 
The VRM header 
is 


placed such that is does not impede the installation 
of 
probes into the processor 
socket. 


A2.0. VOLTAGE 
REGULATOR 
MODULE 
HEADER 
PIN DIAGRAM 


. 
5 
15 
10 
11 
12 
13 
14 


VAM Pinout Top Side View 
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DISABLE 
Input 
When driven high, this input will disable the Voltage 
Regulator 
Module output and 
the output of the module will float. 


PWRGOOD 
Output 
Power Good is an open collector 
output driven low when the VRM output is not 
within valid levels. 


SENSE 
Input 
Sense is provided 
for the regulator 
to correct for voltage drops across the 
connector 
and motherboard 
power plane. This signal should be connected 
to the 
center of the VCOREplane. 


RES 
NIA 
RESERVED 


VCORE 
Output 
Voltage 
Regulator 
Module Output. 


VI/O 
Output 
Processor 
1/0 power connection. 
Allows for VRM to specify 1/0 voltage. 


Vss 
Input 
Ground 
Reference. 
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81.0. SOCKET 
7 PIN DIAGRAM 
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82.0. SOCKET 7 QUICK PIN REFERENCE 


Socket 7 has the same pin definition 
as Socket 
5 with the exception 
of the following 
pins. 


Symbol 
Type 
Name and Function 


ClK, 
PICClK 
(I) 
Unlike some Pentiurfl!!> processors, 
the Clock and Programmable 
Interrupl 
Controller 
Clock inputs to Socket 7 are not 5V tolerant. 
These inputs are driven b~ 
an appropriate 
3.3V clock driver. 


KEY 
NA 
The KEY pin is strictly a mechanical 
keying device for future Pentium OverDriv!® 


processors. 
The hole in the socket permits 
installation 
of the higher speed Pentiun 
OverDrive 
processors. 
The corresponding 
pin on the Pentium OverDrive 
processors 
is an Internal No Connect 
and has no electrical 
purpose. 
This pin is not populated 
0 
320-pin 
packages. 


VCC2DET# 
(0) 
VCC2 Detect is defined for the Pentium 
processor 
with MMXTM technology 
which use! 


a supply of 2.8 volts on the \lCC2 pins. The Pentium processor 
with MMX 
technology 
with a core voltage of 2.8 volts, will always orivevccaoer 
low. This pin may be used te 
select the proper core voltage from a voltage 
regulator 
or system supply. This pin i: 


not driven high on 3.3 volt Pentium 
processors 
or Pentium OverDrive 
processors. 
ThE 
VCC2DET# 
system trace has a pull-up for proper use 


VCC2 
(I) 
Socket 7 has 28 power supply pins defined for the core voltage 
on processors 
will 
separate 
power inputs. For processors 
with a single power supply requirement, 
thesi 
pins can be considered 
the same as vccs pins and should be driven with the same 
power source. 


VCC3 
(I) 
Socket 7 has 32 power supply pins defined 
for the 1/0 voltage on processors 
will 


separate 
power inputs. For processors 
with a single supply requirement, 
these pin: 


are used in conjunction 
with the \lcC2 pins to power the device. 
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C1.0. LINEAR AND SWITCHING 
REGULATOR 
SOLUTIONS 


or accurate 
of all vendor solutions, 
but they are intended 
as 
a 
voltage 
regulator 
reference' 
lists 
for 
known 


2.8V/3.3VNRE 
regulator 
solutions. 
Please 
contact 
your 


vendor for their latest product specifications. 
Appendix 
C contains 
a list of Linear/Switching 
Voltage 
Regulator 
solutions. 
These lists may not be all inclusive 


Electrical 
Availability 


lOUT 
Power 
Part 
VIN 
VOUT 
(Mo) 
(Max) 
Remote 
Vendor 
Number 
(V) 
(V) 
(A) 
(W) 
Sense 
Package 
Sample 
Product 


CS5206 
5 
2.8 
6 
17 
No 
TO-220/ 
Now 
Now 


D2Pak 


Cherry 
5 
3.3/VRE 
6 
20 


CS5207A 
5 
2.8 
7 
20 
Yes 
TO-220 
04'96 
04'96 


, 
5 
3.31VRE 
7 
23 


LT1575 
3.3 
2.8 
10 
5 
Yes 
8-pin 
Now 
Now 


(+ ext 
SOIC 
FET) 


5 
2.8 
10 
22 


5 
3.3NRE 
10 
27 


Linear 
LT1577 
5 
2.8 
10 
22 
Yes 
16-pin 
Now 
Now 
Tech 
(Dual) 
SOIC 


5 
3.3NRE 
10 
27 


LT1580 
5 
2.8 
7 
15.4 
Yes 
TO-220 
Now 
Now 


5 
3.3NRE 
7 
11.9 


LT1584 
5 
2.8 
7 
15.4 
No 
TO-220/ 
Now 
Now 


TO-263 


5 
3.3NRE 
7 
11.9 


LT1585A 
5 
3.3 
5 
8.5 
No 
TO-220/ 
Now 
Now 


TO-263 


LX8384 
5 
3.3NRE 
5 
8.5 
No 
TO-220/ 
Now 
Now 
TO-263 


Linfinity 
LX8585 
5 
3.3IVRE 
4.6 
7.82 
No 
TO-220/ 
Now 
Now 
TO-263 


LX8586 
5 
2.8 
6 
13.2 
No 
TO-220/ 
Now 
Now 
TO-247 


5 
3.3NRE 
6 
10.2 


2 8V13 3VNRE 
Linear 
Regulator 
Solutions 
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Electrical 
Availability 


lOUT 
Power 
Part 
VIN 
VOUT 
(Max) 
(Max) 
Remote 
Vendor 
Number 
(V) 
(V) 
(A) 
(W) 
Sense 
Package 
Sample 
Product 


LM2951 
5 
2.8 
7 
15.4 
No 
SO-8 
Now 
Now 


National 
5 
3.3NRE 
7 
11.9 


LM3411 
5 
3.3NRE 
7 
11.9 
No 
SO-81 
Now 
Now 
5-pjn SOT 
23 


l'Iaytheon 
RC5102 
5 
2.8 
7 
15.4 
Yes 
8-pin 
Now 
Now 
(Dual) 
SOIC 


5 
3.3NRE 
7 
11.9 


EZ1083/A 
5 
2.8 
7.5 
16.5 
No 
TO-220 or 
Now 
Now 


5 
3.3NRE 
7.5 
12.75 
TO-247 


EZ1082 
5 
2.8 
10 
22.0 
No 
TO-220 
or 
Now 
Now 


5 
3.3NRE 
10 
17 
TO-247 


Semtech 
EZ1584A 
5 
2.8 
7 
15.4 
No 
TO-220 
Now 
Now 


5 
3.3NRE 
7 
11.9 


EZ1900 
5 
2.8 
7 
15.4 
No 
8-pin 
Now 
Now 
SOIC 


(Dual) 
5 
3.3NRE 
7 
11.9 


EZ1580 
5 
2.8 
7 
15.4 
Yes 
5-pin 
Now 
Now 
TO-220 


5 
3.3NRE 
7 
11.9 


EZ1585D 
5 
2.8 
6 
13.2 
No 
TO-220 
Now 
Now 


5 
3.3NRE 
6 
10.2 


Lnisem 
US1080 
5 
2.8 
8 
17.6 
No 
TO-2201 
01'97 
01'97 
TO-263 


5 
3.3NRE 
8 
13.6 


2.8VI3.3VNRE 
Linear 
Regulator 
Solutions 
(Contd) 
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Electrical 
Availability 


lOUT 
Solution 
Number 
Vendor 
Part 
VIN 
VOUT 
(Max) 
Efficency 
of 
Number 
(V) 
(V) 
(A) 
(typical) 
MOSFETs 
Package 
Sample 
Product 


Cherry 
CS5120 
5 
2.8 
5.7 
92% 
2 
14-pin PDIP 
Now 
Now 


5 
3.3NRE 
5.7 
92% 
14-pin SOIC 


HIP5010 
5 
2.8 
11 
91% 
2 
16-pin SOIC or 
Now 
Now 


5 
3.3NRE 
11 
95% 
7-pin TO-220 
or 
7-pin [)"Pak 


HIP5011 
5 
2.8 
11 
91% 
2 
16-pin SOIC or 
Now 
Now 


Harris 
5 
3.3NRE 
11 
95% 
7-pin TO-220 
or 
7-pin [)"Pak 


HIP5010 
5 
2.8 
6 
89% 
2 
7-pin TO-220 
Now 
Now 
or 


5 
3.3NRE 
6 
92% 
7-pin [)"Pak 


HIP5016 
5 
2.8 
6 
89% 
2 
7-pin TO-220 
Now 
Now 
or 


5 
3.3NRE 
6 
92% 
7-pin [)"Pak 


LTC1266 
5 
2.8 
10 
93% 
2 
16-pin sore 
Now 
Now 


5 
3.3NRE 
10 
95% 


Linear 
LTC1430 
5 
2.8 
15 
93% 
2 
16-pin SOIC or 
Now 
Now 
Tech 


5 
3.3 
'15 
95% 
8-pin SOIC 


LTC1435 
5 
2.8 
10 
93% 
2 
16-pin SOIC 
Now 
Now 


5 
3.3NRE 
10 
95% 


Linfinity 
LX1660/1 
5 
2.8 
12 
85% 
2 
SO-16 
04'96 
04'96 


5 
3.3NRE 
12 
85% 


MAX797 
5 
2.8 
10 
88% 
2 
16-pin SOIC 
Now 
Now 


Maxim 
5 
3.3NRE 
10 
88% 


MAX798 
5 
2.8 
10 
88% 
2 
16-pin SOIC 
Now 
Now 


5 
3.3NRE 
10 
88% 


2.8V13.3VNRE 
Switching 
Regulator 
Solutions 
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Electrical 
Availability 


lOUT 
Solution 
Number 
Part 
VIN 
VOUT 
(Max) 
Efficency 
of 
Vendor 
Number 
(V) 
(V) 
(A) 
(typical) 
MOSFETs 
Package 
Sample 
Product 


National 
LM3578 
& 
5 
3.3NRE 
10 
88% 
1 
SO-8 or 
Now 
Now 
LM3411 
5-pin SOT23 


i 
RC5036 
5 
2.8 
10 
87% 
2 
16-pin SOIC 
Now 
Now 
(Dual) 


5 
3.3NRE 
5 
89% 


Raytheon 
RC5031 
5 
2.8 
10 
87% 
1 
14-pin SOIC 
Now 
Now 


5 
3.3NRE 
5 
89% 


RC5035 
5 
2.8 
10 
87% 
2 
16-pin SOIC 
Now 
Now 
(Dual) 


5 
3.3NRE 
5 
89% 


Si9140 
5 
2.8 
6 
90% 
2 
16-pin SOIC 
Now 
Now 


Siliconix 
5 
3.3 
6 
90.5% 


Si9145 
5 
2.8 
6 
82% 
1 
16-pin SOIC or 
Now 
Now 


5 
3.3NRE 
6 
83% 
16-pin TSSOP 


UC3886 
5 
2.8 
10 
85% 
1 
16-pin SOIC or 
Now 
Now 


5 
3.3NRE 
10 
85% 
16-pin DIP 


UCC3881 
5 
2.8 
10 
85% 
1 
16-pin SOIC or 
Now 
01'97 


Unitrode 
5 
3.3NRE 
10 
85% 
16-pin DIP 


UCC3880 
5 
2.8 
10 
85% 
1 
20-pin SOIC or 
Now 
Now 


5 
3.3NRE 
10 
85% 
20-pin DIP 


UC3874 
5 
2.8 
10 
90% 
2 
18-pin SOIC or 
Now 
Now 


5 
3.3NRE 
10 
90% 
18-pin DIP 


Unisem 
US2050 
5 
2.8 
10 
85% 
1 
7-pin TO-220 
01'97 


5 
3.3NRE 
10 
85% 
or TO-263 


2.8V/3.3VNRE 
Switching 
Regulator 
Solutions 
(Con d) 
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01.0. 
REGULATOR 
VENDOR 
SOLUTIONS 
CONTACT 
LIST 


Vendor 
North America 
Europe 
Asia 
Japan 


Cherry 
Dennis Gatano 
Tel: (401) 886-3305 
Fax: (401) 885-5786 


Harris 
Dean Henderson 
Robert Lahaye 
Jason Lin 
Masaru Agano 
Tel: (919) 405-3603 
Tel: (33) 1 34654046 
Tel: (886) 27169310 
Tel: (81) 3 3265 7571 
Fax: (919) 405-3651 
Fax: (33) 1 394-64054 
Fax: (886) 2 715 3029 
Fax: (81) 3 3265 7575 


Linear 
Bob Scot! 
Fred Killinger 
Dave Quarrels 
Tech 
Tel: (408) 432-1900 
Tel: (49) 89 9642550 
Tel: (65) 753 2692 
Fax: (408) 434-0507 
Fax: (49) 89 963147 
Fax: (65) 754 4112 


Linfinity 
Andrew Stewart 
Tel: (714) 898-8121 
Fax: (714) 893-2570 


Maxim 
DavidTimm 
David Watson 
Steve Huang 
Tadi Kodairo 
Tel: (408) 737-7600 
Tel: (44) 17 3430 3388 
Tel: (886) 2558 6801 
Tel: (81) 3 3232 6141 
Fax: (408) 737-7194 
Fax: (44) 1734305511 
Fax: (886) 2555 6348 
Fax: (81) 3 3232 6149 


National 


\ 
Venkatesh Shan 
Werner Obermaier 
Vincent Lin 
Mark Kachmerak 
Tel: (408) 721-3753 
Tel: (49) 8141351331 
Tel: (852) 27371616 
Tel: (81) 43 299 2373 
Fax: (408) 721-8763 
Fax: (49) 8141351220 
Fax: (852) 2736 9931 


Raytheon 
David Mclntyre 
David Frye 
Mike Wisnia 
Tel: (415) 9667734 
Tel: (44) 17 0566 5555 
Tel: 
(81) 3 3406 5998 
Fax: (415) 966-7742 
•...ax: (44) 1705663355 
Fax: (81) 3 3406 5998 


Semtech 
Gene Krzwinski 
Julian Foster 
Kenny Pai 
Tel: (805) 498-2111 
Tel: (44) 592-773520 
Tel: (886) 2 717 3389 
Fax: (805) 498-3804 
Fax: (44) 592-774781 
Fax: (886) 2 713 0282 


Siliconix 
Erik Ogren 
Sean Montgomery 
Serge Jaunay 
Tony Grizelj 
Tel: 408-970-5543 
Tel: (44) 344 485757 
Tel: (852) 2378 9715 
Tel: (81) 3 55623321 
Fax: 408-567-8910 
Fax: (44) 344 427371 
Fax: (852) 2375 5733 
Fax: (81) 3 5562 3316 


Unitrode 
John O'Connor 
David Wells 
WilkieWong 
Tel: (603) 429-8504 
Tel: (44) 181 318 1431 
Tel: 8522-722-1101 
Fax: (603) 429-8963 
Fax: (44) 181 3182549 
Fax: 8522-369-7596 


Unisem 
Reza Amirani 
Tel: (714) 453-1008 
Fax: (714) 453-8748 


On-board 
Regulators 
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Vendor 
North America 
Europe 
APAC 
I 
Japan 


Ambit 
Leonard 
Kao 
Tel: 
(886) 35-7849575 
Fax: 
(886) 35-782924 


Amp 
Larry Freeland 
Rob Rix 
Joe Navin 
Tel: 
(717) 780-6045 
Tel: 
(44) 1753-67-6800 
Tel: 
(81) 44-813-8507 
Fax: 
(717) 780-7027 
Fax: 
(44) 1753-67-6801 
Fax: 
(81) 44-813-8500 


C-MAC 
Dave Holmes 
Tel: 
(407) 881-2321 
Fax: 
(407) 881-2342 


Corsair 
John Beckley 
Tel: 
(408) 559-1777 
Fax: 
(408) 559-4294 


Semtech 
Gene Krzywinski 
Julian 
Foster 
Kenny 
Pai 
Tel: 
(805) 498-2111 
Tel: 
(44) 592-773520 
Tel: 
(886) 2 717 3389 
Fax: 
(805) 498-3804 
Fax: 
(44) 592-774781 
Fax: 
(886) 2 713 0282 


Ray1heon 
David Mclntyre 
David Frye 
MikeWisnia 
Tel: 
(415) 966-7734 
Tel: 
441705665555 
Tel: 
81 334065998 
Fax: 
(415) 966-7742 
Fax: 
44 17 0566 3355 
Fax: 
81 334065998 


VXI 
Joseph 
Chang 
• 


Tel: 
(503) 652-7300 
Fax: 
(503) 786-5011 


Voltage 
Regulator 
Modules 


Vendor 
North America 
Europe 
APAC 
Japan 


Amp 
Bob Branden 
Rob Rix 
H.ltoh 
Tel: 
(910) 855-2247 
Tel: 
(44) 753~67-6892 
Tel: 
(81) 44-844-8086 
Fax: 
(910) 855-2224 
Fax: 
(44) 753-67-6808 
Fax: 
(81) 44-812-3203 


Appros 
Hiroshi 
Narita 
Tel: 
(81) 45-941-4080 


Augat 
David M. Bamum 
Arif Shahab 
Atsushi 
Sasaki 
Tel: 
(508) 699-9890 
Tel: 
(44) 952-670-281 
Tel: 
(81) 44-853-5400 
Fax: 
(508) 695-8111 
Fax: 
(44) 952-670-342 
Fax: 
(81) 44-853-1113 


Foxconn 
Julia Jang 
Wesley 
Un or Ivan Uaw 
Tel: 
(408) 749-1228 
Tel: 
(886) 2-268-3466 
Fax: 
(408) 749-1266 
Fax: 
(886) 2-268-3225 


Yamaichi 
Ann Shepard 
Mr. Matsuda 
Alan Uu 
Mr. Shiwaku 
Tel: 
(408) 456-0797 
Tel: 
(49) 89-451021-43 
Tel: 
(886) 02-546-0507 
Tal: 
(81) 3-3778-6161 


Fax: 
(408) 456-0779 
Fax: 
(49) 89-451021-10 
Fax: 
(886) 02-546-0509 
Fax: 
(81) 3-3778-6181 


Bergl 
Fred Baldwin 
McKenie 
Tel: 
(510) 651-2700 
Fax: 
(510) 651-1020 


Socket 7 
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Vendor 
Part No. 
Type 
North America 
APAC 


AVX 
1206YZ105KAT1A 
1~F.X7S 
Dennis 
Lienemann 
Steve Chan (Singapore) 


Tel: 
(803) 946-0616 
Tel: 
(65) 258-2833 


Fax: 
(65) 258-8221 


TPSD107K010RQ100 
100~F. Tantalum 
Fax: 
(803) 946-6678 
K.J. Kim (Korea) 


Tel: 
(82) 2-785-6504 


Fax: 
(82) 2-784-5411 


Johanson 
160R18W105K4 
1~F.X7R 
Dave Lopez 
Bill Yu (Taiwan) 


Dielectrics 
I 
Tel: 
(818) 364-9800 
Nanco Electronics 


Fax: 
(818) 364-6100 
Tel: 
(886) 2-758·4650 
Fax: 
(886) 2-729-4209 


NCTR (California 
only) 
Sales Dept (Hong Kong) 


Tel: 
(510) 624-8900 
Tel: 
(852) 765-3029 


Fax: 
(510) 624-8905 
Fax: 
(852) 330-2560 


KEMET 
T495X107K010AS 
100~F. Tantalum 
Richey-Cypress 
Elect. 
Warren 
Marshall 


Electronics 
Tel: 
(408) 654-9100 
Tel: 
(800) 421-7258 


Fax: 
(408) 566-0160 
Fax: 
(714) 713-0129 


Murata 
GRM40X7R 
105J016 
1~F.X7R 
Sales 
Department 
Taiwan 


Electronics 
Tel: 
(770) 436-1300 
Tel: 
(886) 2-562·4218 


Fax: 
(770) 436-3030 
Fax: 
(886) 2-536-6721 


Hong Kong 


Tel: 
(852) 782-2618 


Fax: 
(852) 782-1545 


Korea 


Tel: 
(82) 2-730·7605 


Fax: 
(82) 2-739-5483 


TDK 
CC 1206HX7R 105K 
1 ~F. X7R1X7S 
Sales 
Department 
Korea 


Tel: 
(847) 803-6100 
Tel: 
(82) 2-554-6633 


Fax: 
(847) 803-6296 
Fax: 
(82) 2·712-6631 


Taiwan 
Tel: 
(886) 2-712-5090 


Fax: 
(886) 2-712-3090 


Hong Kong 


Tel: 
(852) 736·2238 


Fax: 
(852)736-2108 


Oecoupling 
Capacitors 
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Vendor 
North America 
Europe 
APAC 
Japan 


Amp 
Larry Freeland 
Rob Rix 
H.ltoh 
Tel: 
(717) 780-604E 
Tel: 
(44) 753-67-689:: 
Tel: 
(81) 44-844-808E 
Fax: 
(717) 780-7027 
Fax: 
(44) 753-67-680e 
Fax: 
(81) 44-812-320:: 


Foxconn 
Julia Jang or Paul Fittin~ 
Wesley 
Un or Ivan Uaw 
Tel: 
(408) 749-122E 
Tel: 
(886) 2-268-346E 
Fax: 
(408) 749-1266 
Fax: 
(886) 2-268-322!: 


Molex 
Micheal Gits 
(Molex) 
(Molex) 
(Molex) 
Tel: 
(408) 946-470C 
Tel: 
(49) 89-413092-( 
Tel: 
(65) 268-686e 
Tel: 
(81) 427-21-553S 
Fax: 
(408) 946-5386 
Fax: 
(49) 89-401527 
Fax: 
(65) 265-6044 
Fax: 
(81) 427-21-5562 


Shorting 
Blocks 


Vendor 
Size 
Type 
Accuracyl 
Value 
Contact 


Thin Film 
1208 
thin 
0.1%,100-250Kn 
(507) 625-8445 
Technology 
0.5%, 10-250Kn 
Region Sales Mgrs 


0805 
thin 
0.1%,100-100Kn 
Patrick Lyons x14 
0.5%,10-1Mn 
W. of Mississippi 
(except TX & S. Ca I) 


0803 
thin 
0.1%,100-33Kn 
Mark Porisch x12 
0.5%, 10-330Kn 
Southern 
US, E. 01 
Mississippi 
(inc. TX) 


0402 
thin 
0.5%,10-100Kn 
Tim Goertzen 
x13 
Northern 
U.S., E. 01 
Mississippi 
& Canada 


Mike Smith 
(310) 768-8923 
Southern 
California 


Dale Electronics 
0603 
thin 
0.5%,10-100Kn 
Gary Bruns 
(402) 371-0080 


thick 
1%,2%,10-1Mn 


805 
thin 
0.1%,100-100Kn 


Koa Spear 
805 
thin 
0.1%,100-100Kn 
T. Yogi 
(814) 362-5536 


thick 
0.5-5%, 
10-1Mn 


Beckman 
0805 
thin 
0.1%,10K-100Kn 
Cathy Whittaker 
Industrial 
(214) 392-7616 


thick 
1-5%,10-1MW 


0603 
thick 
1-5%,10-1MW 


Resistors 
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Supplier 
Contact 
Phone 
Fax 


ICS 
Raju Shah 
408-925-9493 
408-925-9460 


ICW 
Angel Atondo 
408-922-0202 
ext 1131 
408-922-0833 


National 
Semiconductor 
John Bergen 
408-721-2990 
408-732-6017 


Cypress 
Semiconductor 
John Wunner 
206-821-9202 
ext 325 
206-820-8959 


Texas 
Instruments 
Oavid Hoover 
903-868-5694 
903-868-5962 


lOT 
Mark Hermsen 
408-492-8366 
408-492-8362 


AMCC 
Mark Oenzin 
619-535-6526 
619-450-9885 


Motorola 
Geraldine 
Stih 
602-952-3046 
602-952-3682 


Triquint 
Semiconductor 
George Sanders 
503-644-3535 
503-644-3198 


IMI 
- 
Elie Ayache 
408-263-6300 
408-263-6571 


3 3V Clock 
Driver 
Suppliers 
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APPENDIX E 


E1.0. LIST OF RELATED TOOLS & COLLATERAL 


E1.1. 
Public Documentation 


These documents may be ordered from the Intel Literature Center by calling 800-548-4725 
in the U.S. In other 
geographies please contact your local sales office. 


Document 
Title 
Order Number 
, 


Pentiurri!> Processor 
Family Developer's 
Manual 
(3 Volume 
Set) 
241563 


- Volume 
1: Pentium 
Processors 
(Databook' 
241428 


- Volume 2: 82496/82497/82498 
Cache Controller 
am 
241429 
82491/82492/82493 
Cache SRAM (Databook 
- Volume 3: Architecture 
and Programming 
Manua 
241430 


Pentium~ 
Processor 
Datasheet 
(75 MHz, 90 MHz, 100 MHz, 
241997 
120 MHz, 133 MHz, 150 MHz, 166 MHz and 200 MHz) 


Pentium~ 
Processor 
Specification 
Update 
242480 


Pentium~ 
Processor 
Family Product Briefs 
241561 


Pentium~ 
Processor 
Performance 
Brief 
241557 


Pentium~ 
Processor 
Technical 
Overview 
241610 


AP-479: 
Pentiu~ 
Processor 
Clock Design 
241574 


AP-480: 
Pentiurr/!l Processor 
Thermal 
Design Guidelines 
241575 


AP-485: 
Intel Processor 
Identification 
with the CPUID Instruction 
241618 


AP-577: 
An Introduction 
to PPGA Packaging 
~ 
243103 


AP-522: 
Implementation 
Guidelines 
for 3.3V Pentiun® 
Processors 
242687 
with VRE Specifications 


AP-578: 
Software 
and Hardware 
Considerations 
in Handling 
FPL 
242415 
Exceptions 


Pentium~ 
Processor 
3.3V Clock Driver Specifications 
Contact 
your local Intel Sales Office or 
Distributor 


Pentium® Processor 
3.3V ASIC Interface 
Specification 
Contact your locallntel 
Sales Office or 
Distributor 


Pentium~ 
Processor 
3.3V Pipeline BSRAM Specification 
Contact 
your local Intel Sales Office or 


Distributor 
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E1.2. 
Collateral Available Under Non-Disclosure Agreement 


These documents 
may be obtained by contacting 
your local Intel sales office or distributor. 


Document 
Title 
Notes 
ID/PDDC 
Document 
Number 


PentiufTlll>Processor 
Specification 
Update 
FMKIHU 


200 MHz P54CS-cCO 
Stepping 
Information, 
Rev. 1.0 
EW30H 


P55C BIOS Compatibility 
CW10GR 


P55C External 
Design Specification 
(EDS), Rev. 3.1 
SC-1294 


P55C Platform Architecture 
Analysis, 
Rev. 3.0 
SC-1263 


Product 
Information 


Document 
Title 
Notes 
ID/PDDC 
Document 
Number 


PentiufTlll>Processor 
Flexible 
Motherboard 
(FMB) Desigr 
RG4Y1L 
Guidelines, 
Rev 2.0 


P55C/FMB 
Design Review Checklist, 
Rev 3.0 
MCLOOO 


Socket 7 Specification, 
Rev. 3.0 
FM-0632 


Socket 7 Design Review Checklist, 
Rev. 2.0 
PC8909 


PentiufTlll>Processor 
Input Strapping 
Recommendations 
MC030W 
Rev. 2.0 


P55C Voltage 
Regulator 
Module Overview 
and Targe 
FBKP54 
. 


Spec., Rev 4.0 


Voltage Guidelines 
for Pentiurr@ Processors 
with MM)(TM 
KWHFD 


Technology 


System 
Design 
Documentation 


System 
Design 
Tools 


Split-plane 
Platform Test Kit, 
Contact your local Intel Sales Office or Distributor 


E2.0. REFERENCES 


Clyde F. Coombs, Jr., Printed Circuits Handbook, 
McGraw Hill Publishing 
Co., New York, 1988 
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1.0. 
INTRODUCTION 


As Intel microprocessors 
become 
faster, 
more complex 
and more powerful, 
the demand 
on high-performance 
packaging 
technology 
increases. 
For 
instance, 
higher 
clock rates imply faster internal signals, which may cause 
more switching 
noise. Thus packaging 
technology 
needs 
to tackle power supply decoupling 
issues. For each new 
generation 
of 
microprocessors, 
a 
greater 
number 
of 
transistors 
are packed 
onto each 
chip, 
generating 
more 
heat. 
The package 
thermal 
resistance 
becomes 
critical. 


Furthermore 
the shrinking 
die size causes 
higher 
power 
de'isity, 
which 
tests the effectiveness 
of the package 
to 
di: sipate the heat. The improvements 
in microprocessor 


speed 
and 
functionality 
drive 
the 
package 
design 


im rovements 
in 
electrical, 
thermal 
and 
mechanical 


pe.formance. 
0\ er 
the 
years, 
Intel 
has 
introduced 
a 
variety 
of 
inr ovative package 
designs, such as surface mount, small 


ou -line, 
very 
thin 
package, 
and 
multilayer 
molded 


pla tic quad 
flatpacks 
(PQFP). 
Keeping 
form, 
fit and 


fur ction 
in 
mind, 
Intel 
continues 
to 
research 
and 


develop 
advanced 
packaging 
technology. 
The Pentiurne 


microprocessor 
family 
has 
been 
available 
in 
either 
ceramic 
pin grid array 
(CPGA) 
package 
or tape carrier 


package 
(TCP) 
format 
to date. 
However 
as 
the 
core 


frequency 
of microprocessors 
steps up. Power dissipation 


will be increasing 
accordingly. 


In 1993, Intel engineers 
began the development 
of plastic 


pin grid 
array 
(PPGA) 
packages 
to alleviate 
potential 


performance-limiting 
package 
problems. 
Compared 
to 


the 
existing 
CPGA 
package 
technology, 
the 
PPGA 


package 
has a better 
power 
distribution 
and 
improved 


thermal 
and electrical 
performance. 
Intel 
also 
ensures 


that the processors 
in PPGA and CPGA 
packages 
meet 
the 
same 
product 
specifications 
in Input/Output 
(110) 
timings, mechanical 
fit and quality and reliability. 


Table I summarizes 
the key differences 
between the 
PPGA package and the CPGA package. The following 
sections will detail the physical structure, electrical 
modeling 
and performance 
of PPGA. 


Table 1. Differences 
Between 
CPGA and PPGA Packages 


Attribute 
CPGA 
PPGA 


~Iyslcal 


I-- 
Appearance 
Tile, flat ceramic top 
Circuit board, exposed 
pins 


Package 
Body Material 
Ceramic 
body, AI bond wires 
BT laminate, 
NilCu slug, encap, Al 
, 
bondwires 


Body Thickness 
2.8mm 
3.0 mm (with heat slug) 


I-- Weight 
29 gms 
18 gms 


I-- Package 
Trace Metal 
Tungsten 
Copper 


External 
Heat Slug 
- 
No 
Yes 


External Capacitors 
, 
No 
Yes 


~rformance 


c, 


Thermal 
(aje) with Heat Sink 
1.25° cm 
0.50° cm 


Power Distribution 
Good 
Better 


Package 
Trace Propagation 
Delay 
Good 
Better 
, 


Ot iers 


Thermal 
Grease 
Used for 
Electrically 
conductive 
or 
Electrically 
non-conductive 


Heat Sink Attachmen1 
non-conductive 
I-- 


Thermal 
grease tranfer foil if used 
flat, curved or cupped 
flat only 


Foil size if used 
determined 
by the system 
equal or smaller than the heatslug 
manufacturers 


Board Mount 
Socket or thru-hole 
insertion 
Socket only 
I-- 


'Shipping Tray' 
Blue color ,see Figure 6 
Brown color, pocket size reduced 


Ca nion: For PPGA packages, 
electrically 
conductive 
surfaces 
should not touch any part of the processo 


except the heatslug. 
For instance, 
an electrically 
conductive 
heat sink should not contact the exposed 
pins, th, 


ext irnal capacitors 
or the exposed 
metal on the sides of the package 
'-- 
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Figure 1. Top View of a PPGA Package 


Figure 2. Plastic Pin Grid Array (PPGA) 
Package 
Dimensions 
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Family: Plastic Pin Grid Array Package 


Symbol 
Mllllmeters 
Inches 


Minimum 
Maximum 
Minimum 
Maximum 


A 
2.72 
3.33 
0.107 
0.131 


A1 
1.83 
2.23 
0.072 
0.088 


A2 
1.00 
0.039 


B 
0.40 
0.51 
0.016 
0.020 


O· 
49.43 
49.63 
1.946 
1.954 


01 
45.59 
45.85 
1.795 
1.805 


02 
23.44 
23.95 
0.923 
0.943 


e1 
2.29 
2.79 
0.090 
0.110 


F1 
17.56 
0.692 


F2 
.23.04 
0.907 


L 
3.05 
3.30 
0.120 
0.130 


N 
296 
296 


$1 
1.52 
2.54 
0.060 
0.100 


Table 2. Physical Dimensions of a 29SPln Staggered PPGA Package 


2.2. 
Physical Structure 
of a PPGA 


Package 


The PPGA package 
body is a pinned 
laminated 
printed 


circuit 
board 
(PCB) 
structure. 
Figure 
3 illustrates 
the 


cross section 
schematic'. 
The dielectric 
material. 
which 


is chosen 
for its high temperature 
stability 
and industry 
history. 
is 
a 
glass-reinforced 
high 
glass 
transition 


temperature 
(Tg) Bismaleimide 
Triazine 
(B'T) with a Tg 
ranging 
from 
1700 C to 1900 C. Conductors 
are copper 


traces. For bondability, 
the copper 
(Cu) bond fingers are 


plated with gold (Au) over nickel (Ni). The heat slug is 
Ni plated copper. 
which gives 
high thermal 
dissipation. 


The Kovar pins are plated with Au over Ni. 


• 


, The cross section is a schematic 
only. It does not depict 


the exact stackup model of the PPGA production 
units. 
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_ 
SOLDER RESIST 
fZZJ 
BT CORE 
I:!:!:l 
COPPER 
E:SSJ BT PRE PREG 
r. 
:,: 
.> KOVAR 
PINS 
IIWI 
SLUG AOHESIVE, 
-: 


J 
i 
rT"r"rT"""-:'7"7-5i 
SIGNAL 
------., 


CORE 
POWE 


! DIE 


Figure 3. A PPGA Schematic 
Cross Section 


In manufacturing 
the PPGA piece part, standard 
Printed 
Circuit Board (PCB) processing 
and equipment 
are used. 


Figure 
4 lists the 
basic 
manufacturing 
and 
lamination 


process. 


Prepare BT Core Material 
+ 
Drill Pilot Holes 
+ 


Pattern Definition: 
Pin, Chip Capacitor, 
Slug Lands 
+ 
Solder Resist Application 
+ 
NUAu Plate 


+ 
Lamination 
+ 


+ 
Singulation 
+ 
Pin Insertion 
+ 
Chip Capacitor 
and Heatslug Placement 
+ 
Reflow Solder 


Form Cavities 


Plate Cavity Walls 
+ 
Pattern Definition 


Drill 
Through-Holes 


Cu Plate Vias 


Note: 


This process 
is performed 
at the piece part supplier. 
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Figure 
4. Piece Part Substrate 
Manufacturing 
and Lamination 
Process 
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Intel's 
PPGA 
component 
assembly 
process 
is very 
similar to CPGA in both equipment 
and process 
steps. 


This is summarized 
in Figure 5. 


2.3. 
PPGA Package Shipping 
Media 


PPGA shipping 
trays meet the JEDEC 
standards. 
All 
external 
dimensions 
of the PPGA tray are the same as 
the CPGA tray. For easy identification, 
the PPGA tray 


has a brown 
color 
while the CPGA 
tray 
is blue. 
In 
addition, 
to reduce 
package 
free-play, 
the PPGA tray 


has slightly smaller pocket dimensions. 
Refer to Figure 


6 for 
the 
dimensions 
of 
the 
PPGA 
shipping 
tray. 


Die Preparation 


•• 
Die Attachment 


Wire Bonding: 
PPGA utilizes Au rather than AI wire 


•• 
Encapsulation: 
Analogous to CPGA lid sealing 


•• 
Topside Matrix Marking: 
100% laser marking 


•• 
Testing 


•• 
Marking: 
100% laser marking 


Figure 
5. Intel PPGA Assembly 
Process 


Seating 
Plane .18(1' Below 
Top of the Tray 


CPGA Shipping Tray (Blue} 


Seating 
Plane .14(1' Below 
top of the Tray 


Figure 
6. CPGA and PPGA Shipping 
Trays 


PPGA Shipping 
Tray (Brown) 
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CPGA. 
Appendix 
A details 
the 
thermal 
resistance 


values 
for the Pentium 
processor 
in ceramic 
pin grid 
array and plastic pin grid array packages. 
The benefit 


in thermal improvement 
for the PPGA package 
is more 


pronounced 
when 
the 
absolute 
power 
is higher 
and 
when the die size is smaller. 
In other words, the PPGA 


technology 
will be a preferable 
choice 
for the future 


generations 
of high 
power 
processors 
and 
systems. 


Figure 
7 illustrates 
the thermal 
conduction 
and heat 


flux spreading 
of both CPGA and PPGA. 
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3.0. 
PPGA PERFORMANCE 
CHARACTERISTICS 


3.1. 
Thermal 
Characteristics 


To 
improve 
the 
thermal 
performance, 
the 
PPGA 
package 
utilizes 
a heat 
slug 
with 
a high 
thermal 


conductivity. 
The die is attached 
directly 
to the nickel 
plated 
copper 
heat slug, resulting 
in a lower 
therrnal 


resistance 
than 
the 
commensurate 
ceramic 
version. 
Based 
on measurements 
on the 
Pentium 
processor, 
aJA 2 of PPGA is about 1.1° CIW lower than that of 


intel~ 


CPGA 
PPGA 


Large 
Die 


Small 
Die 


PPGA thermal 
benefits are more pronounced 
when: 


Absolute 
power is higher ... .because of lower thermal R 


Die size is smaller ... Better 
spreading 
of concentrated 
heat flux 


Figure 7. PPGA Has Better Thermal 
ConductionlSpreading 


2 aJA = junction 
to ambient thermal resistance 


(OCfW) 


aJe= junction 
to case thermal resistance 
(OCfW) 


9cA = case to ambient thermal resistance 
( °CfW) 


2-280 
1998 PentiurrfJ 
Processor 
Databook 


AP-577 / An Introduction 
To Plastic Pin Grid Array (PPGA) Packaging 


3.2. 
Electrical Characteristics 


3.2.1. 
VO BUFFER 


parameter 
values 
are 
compiled 
in Table 
3 and 
the 


buffer types for signals 
can be found 
in Table 4. The 
PPGA 
package 
input 
buffer 
model 
is the 
same 
as 


CPGA. 


The 
package 
110 model 
for 
Pentium 
processors 
in 


PPGA packages 
is shown 
in Figure 
8 as a first order 
buffer model. Ra and Co values are independent 
of the 
package 
and 
remain 
unchanged. 
Lp is the package 
inductance 
that includes 
bond 
wire inductance. 
trace 
inductance, 
pin inductance 
and socket 
inductance. 
Cp 


is the 
package 
capacitance 
consisting 
primarily 
of 
trace 
capacitance 
and 
socket 
capacitance. 
The 


In this model, 
an effective 
inductance 
is used for the 


bond wire. Both self and mutual 
inductance 
are taken 


into account. The pin and its socket are considered 
as a 


single entity and a typical 
inductance 
value of 4.5 nH 
is used. A typical value of 1.0 pF is used for the socket 
capacitance. 


dV/dt 
~T 


Figure 
8. 
First Order VO Buffer 
Model 
for PPGA 


Table 3. 
Parameter 
Values 
for PPGA VO Model 
(Pentiurri!> Processor) 


Buffer 
Lp 
(nH)1 
Type 
Cp (pF)1 


min 
max 
min 
max 


ERO 
3.41 
3.41 
9.64 
9.64 


ER1 
3.25 
5.98 
9.3 
11.94 


ED1 
3.37 
5.0 
9.09 
14.99 


EB1 
3.2 
5.48 
9.18 
15.98 


EB2 
3.36 
5.06 
9.54 
14.7 


EB2A 
3.36 
5.06 
9.54 
14.7 


EB2B 
3.36 
5.06 
9.54 
14.7 


EB3 
4.72 
4.72 
13.24 
13.24 


EB4 
3.7 
4.03 
10.57 
10.7 


Note: 


1 The values provided included typical socket capacitance 
and socket inductance. 
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rH"",,","", 
I"\,-"nl'\., O~lf::>Jlf, 
tst-'La:2], I3REQ, FERR#, 
Output 
ED1 


IERR#, PCK, PCHK#, 
PMO/BPO, PM1/BP1, 
PRDY, 


PWT, SMIACT#, 
TOO, U/O# 


A[31 :21], AP, BE[4:0]#, 
CACHE#, 
D/C#, 
D[63:0] 
Input/Output 
EB1 
EB1 
DP[8:0], 
HLDA, LOCK#, 
M/IO#, 
PBGNT#, 
PBREQ#, 


PHIT#, PHITM#, 
SCYC 


A[20:3], 
ADS#, HITM#, W/R# 
Input/Output 
EB2IAlB 
EB2 


HIT# 
Input/Output 
EB3 
EB3 


PICDO, PICD1 
Input/Output 
EB4 
EB4 


3.2.2. 
SIGNAL 
QUALITY 
3.3. 
Mechanical Characteristics 


Intel 
has 
performed 
noise 
measurements 
on 
the 
Pentium 
processors 
in 
both 
CPGA 
and 
PPGA 


packages. 
The 
results 
show 
that 
at the 
component 


level, 
the 
PPGA 
packages 
are 
comparable 
with 
the 


CPGA 
packages. 
In addition, 
the results 
indicate 
that 


all PPGA parts have a higher mean-core-power 
supply 
level than CPGA parts. 


3.3.1. 
MECHANICAL 
FIT 


Note 


Intel suggests 
that, when performing 
insertion 


and extraction, 
the maximum force 
should 
not 
exceed 
100 
lbs. 
For 
better 
manufacturing 
control, 
Intel also 
suggests 
that 
the force 
be 


placed 
on the pin matrix area uniformly, 
rather 
than 
on 
the 
heat 
slug. 
The 
insertion 
and 
extraction 
tooling should 
take into account 
the 
clearance 
for 
the external 
capacitors 
and the 
heat slug. 


3.2.3. 
EMl 
\ 


The Federal 
Communications 
Commission 
(FCC) has 
set limits 
on the maximum 
radiation 
from electrical 


systems. 
In turn, each component 
in a system 
should 


not exceed 
the typical 
level 
that 
is allocated 
to it. 


Electromagnetic 
Interference 
(EMI) levels from Intel's 
Pentium 
processors 
in ceramic 
pin grid array (CPGA) 


and PPGA 
packages 
have 
been 
measured 
with 
and 
without 
heat 
sinks 
attached. 
Measurements 
were 
performed 
up to a core clock frequency 
of 280 MHz. 


EMI levels 
are well below 
critical 
levels 
at all clock 


speeds tested. There is no significant 
EMI performance 


difference 
between CPGA and PPGA. 


In 
order 
to 
ensure 
that 
PPGA 
packages 
are 


mechanically 
interchangeable 
with 
CPGA 
packages, 


Intel did extensive 
studies on mechanical 
fit, including 


insertion/extraction 
force, peak compressive 
force, clip 


force and heat sink attachment. 


For the 
maximum 
insertion 
force 
measurement, 
the 


296L PPGA packages 
were inserted 
at a rate of 1.27 


mrnlmin 
(0.050 in/min). To understand 
the worst case 


scenario, 
the insertion 
force was applied 
uniformly 
on 


the entire 
heat slug surface 
of the package. 
A steel 
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plate 
was 
glued 
to 
the 
package 
using 
a 
room 


temperature 
cure adhesive. 
A stud was then attached 
to 


the plate to perform the extraction 
tests. 


PPGA 
package 
insertion/extraction 
forces 
were 
measured 
with 
low 
insertion 
force 
(LIF) 
and 
zero 


insertion 
force 
(ZIF) sockets 
from different 
vendors. 


The 
socket 
insertion 
process 
involves 
applying 
an 


increasing 
amount 
of pressure 
on a package 
as it is 
inserted 
into the position 
in the socket. 
The applied 
load overcomes 
the frictional 
resistance 
applied 
to the 
package 
pins by the contact 
receptacles 
in the socket. 


If the socket receptacle 
structure 
is simple, the applied 
force increases 
smoothly 
as the package 
is inserted and 


the load-displacement 
curve 
is usually 
linear. 
When 


the package 
is completely 
inserted 
and any additional 


force will cause the package/socket 
assembly 
to bend 


together, 
the 
load-displacement 
curve 
will 
show 
a 


change 
in slope. 
The 
insertion 
force 
in this case 
is 


defined 
as 
the 
point 
where 
the 
load-displacement 


curve shows a final distinct change in slope. 


To reduce 
the insertion 
force, 
some 
socket 
vendors 


stagger the placement 
of the pins in the socket body in 


the "Z" direction. 
The load-displacement 
curve in this 
case 
is no 
longer 
a simple 
linear 
curve. 
From 
the 


package 
integrity 
perspective, 
the 
maximum 
force 


seen 
by 
the 
package 
before 
complete 
insertion 
is 


critical. The maximum 
force, indicated 
by the point of 


final change 
in slope of the load-displacement 
curve is 


defined 
as insertion 
force. 
Table 
5 summarizes 
the 


average 
measured 
insertion 
and extraction 
force with 


different sockets. 


Components 
can 
be 
inserted 
into 
all 
socket 
types 


tested and still meet the suggested 
maximum 
loading 


of 100 Ibs. Separate 
studies of package 
integrity 
have 
demonstrated 
that the PPGA package 
can sustain 
this 


level 
of 
applied 
normal 
compressive 
force 
plus 


margin. 
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The peak compressive 
force was uniformly 
distributed 


over the package 
heat slug while the PPGA unit rested 


on a PCB which 
contained 
a matrix 
of through-hole 


vias allowing 
for pin insertion. 
The rate at which 
the 


force 
was 
applied 
was 
0.76 
mm/minute 
(30 


mils/minute). 
After 
the 
force 
was 
applied, 
each 
package 
was 
examined 
and 
no 
apparent 
physical 


changes 
were observed. 
Then each package 
was tested 


electrically 
and each package 
passed all electrical 
test 
parameters. 
Finally each package 
was inspected 
using 


Through 
Scan Acoustic 
Microscopy 
(TSAM) imaging. 
The result 
exhibited 
no significant 
changes 
and 
the 


cross 
section 
results 
confirmed 
that 
there 
was 
no 


delamination 
or internal package cracking. 


3.3.2. 
HEAT SINK ATTACHMENT 


3.3.2.1. 
Thermal 
Interface 
Material 


CAUTION 


Components on top (and exposed metal on the 
sides) of the PPGA packages can be shorted 
by 
any 
electrically 
conductive 
materials 
including 
heat 
sinks, 
thermal 
grease(if 
electrically conductive) and thermal grease 
foil carriers (if electrically conductive) 


To 
ensure 
that 
PPGA 
packages 
are 
mechanically 


compatible 
with 
CPGA. 
Intel 
has 
performed 
a 


comprehensive 
evaluation 
of the effective 
method 
of 
heat sink attachment. 
Intel suggests 
that the interface 
material used for heat sink attachment 
should have the 


thermal 
conductivity 
greater 
than 
0.8 
W/mK, 
and 
should 
be 
electrically 
insulating. 
The 
volume 
resistivity 
of the material 
should be greater than Ix IO' 


Ohm-cm. 
Intel has demonstrated 
that Thermalcote 
I' 


Conductacoat* 
with a flat aluminum 
foil carrier 
is an 
effective 
interface 
material 
for the Pentiurn" 
processor 
heat sink. 
Shaped 
or curved 
conductive 
foil carriers 


are not recommended 
with the PPGA package. 
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Table 5. PPGA Insertion/Extraction 
Force Measurement 


Socket' 
Average 
Insertion 
Force (lb.) 
Average 
Extraction 
Force (lb.) 


Preci-Con 
LlF 
44.69 
57.43 


Mill-Max 
LlF 
38.09 
49.65 


Robinson 
Nugent LlF 
78.35 
73.51 


AMP LlF 
65.06 
69.91 


Andon LlF 
54.26 
58.58 


Yamaichi 
ZIFs 
n/a 
80.942 


Notes: 
, These data do not constitute a recommendation 
for any specific supplier or part number. 
2 This is measured 
when the socket is in the "closed" position. 


3.3.2.2. 
Clip Design and Attach 


A minimum 
clip force of 5 Ibs is recommended. 
Clips 
retain the heat sink assembly 
in the socket by exerting 


a force on the heat sink and the socket. The clip force, 
in turn, 
aids 
in forcing 
the grease 
to fill the 
many 
microscopic 
peaks 
and valleys 
on the heat 
sink and 


package 
surface, 
thereby 
reducing 
the 
interface 


thermal 
resistance. 
Since 
the 
quantity 
of 
grease 
squeezed 
out is different 
depending 
01) the clip, 
the 


corresponding 
bond line thickness 
of the grease 
will 


affect thermal performance. 
. 


3.3.2.3. 
Thermal 
Test Results 


296-pin 
PPGA 
packages 
were used 
as test vehicles. 
The assemblies 
of packages 
with a Thermalloy 
heat 


sink 
(0.87" 
tall) and a steel 
spring 
clip were 
tested 


inside a wind tunnel at a power setup of IOW 
and an 


air flow rate of 300 LFM. 


Test samples were subjected 
to the following 
stress test 


conditions: 
(I) 50 cycles of Temperature 
Cycle 
(TIC) 


from - 40 to 700 C; 
(2) 60 hours of aging at 1500 C; 


(3) 
120 
hours 
of 
92 
percent 
humidity 
at 
550 
C. 
Junction 
to 
ambient 
thermal 
resistance 
(alA) 
was 
measured 
before 
and 
after 
each 
stress. 
The 
failure 


criteria was defined as an increase of more than 10 C at 
IOW in the junction 
temperature 
when measured 
after 


stressing. 
The 
results 
showed 
that 
there 
is 
no 


significant 
degradation 
of 
thermal 
performance 
for 


Thermalcote 
I Conductacoat 
after reliability 
stressing. 
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The 
effect 
of foil sizes, 
clip 
force 
and 
voiding 
on 
Thermalcote 
r Conductacoat* 
thermal 
performance 


was also explored. 
If there is an insufficient 
amout of 


grease 
on the Al foil, voiding 
will exist 
in the bond 


line. This results in higher a;. values. While up to 30% 
grease voiding can be tolerated 
without any impact on 


PPGA thermal 
performance, 
zero voiding 
is strongly 


recommended 
for any heat sink attachment 
methods. 


A larger foil size will cover a larger area with grease, 
but a smaller 
foil size is preferred 
for handling. 
For 


instance, 
thermal resistance al, measured 
with a 1.0' x 


1.0' 
foil 
is 0.1 
C/W 
to 
0.2 
CIW 
lower 
than aj, 


measured 
with a smaller 
foil (0.7' x 0.7'). 
In addition, 


if the foil dimensions 
exceed 
that of the heatslug, 
the 


risk 
of shorting 
the external 
capacitors 
will 
greatly 


increase. 
Note 
that 
the 
aluminum 
foil 
is a carrier 
specific 
for Thermalcote r Conductacoat* 
grease 
to 


aid 
volume 
manufacturing. 
OEMs 
should 
decide 


whether 
to use 
flat aluminum 
foils 
based 
on 
their 


particular 
heat sink attachment 
methods 
and assembly 


lines. 


Clip 
force 
determines 
the 
thermal 
grease 
bond 
line 
thickness 
and directly 
impacts 
thermal 
performance. 
To 
determine 
the 
effect 
of 
clip 
force 
on 
thermal 


performance, 
alA and acs3 values 
for the heat 
sink 
assemblies 
were measured 
at different 
clip forces. The 
actual 
clip 
forces 
of 
these 
modified 
clips 
were 
individually 
measured 
by 
using 
a Material 
Testing 
System 
(MTS) 
before 
the 
thermal 
resistance 


measurement. 
All clip 
forces 
were 
also 
verified 
by 
using MTS after the thermal 
resistance 
measurement. 


Figures 
9 shows 
alA and acs values versus clip force, 


respectively. 
The result indicates 
that as long as clip 


3 acs= case to heatsink thermal resistance 
( °CIW) 
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force is higher 
than 5 Ibs (corresponding 
to - 5 psi), 


there 
is no significant 
effect 
of clip force 
on PPGA 
thermal performance. 


0.8 
-------------------, 
,- --------------------1 
i 


0.6 


--~----------------I 
f- 
~ 
,...-! 
i 


1---1---1----1---11 


-I 


0.0 -'-'--'---'---'----'--'---'---'---'--'---'--'-' 


10 


CUp Force 
lIb] 


Figure 
9. Comparison 
of9cs 
and 9JA for Different 
Clip Forces 


The new PPGA package 
may affect some existing 
heat 
sink designs. 
In one design, 
shown 
in Figure 
10, the 


heat 
sink 
has 
a 
lip 
designed 
for 
CPGA 
Pentium 


processors 
to 
prevent 
movement 
of 
the 
heat 
sink 
relative 
to 
the 
package, 
socket 
and 
clip 
during 


mechanical 
shock 
tests. 
However, 
the 
new 
PPGA 


package 
has 
a heat 
slug, 
external 
capacitors, 
and 


exposed 
pins on the top side of the package. 
On the 


PPGA package, 
if the heat sink slips out of its secured 


position, 
the 
lip 
may 
touch 
the 
exposed 
pins. 
Therefore, 
the lip needs 
to be extended 
to a proper 


length 
to lock 
the heat 
sink 
in a secured 
position. 


Intel's 
evaluations 
indicate 
that 
a 50 mil lip is not 


adequate 
and that a 70 mil lip is needed 
to ensure 
reliable 
performance, 
Our tests also show that the 70 


mil lip works well with CPGA packages. 
In addition, 


the 
side 
of the 
package 
has exposed 
metal 
that 
is 
electrically 
conductive. 
If the heat sink is electrically 
conductive, 
and 
the 
lip 
touches 
the 
side 
of 
the 


package, 
electrical 
shorting 
may 
occur, 
causing 


damage to the processor. 


There may be other instances 
where heat sink designs 


need 
minor 
modifications 
to fii both the new PPGA 


package 
and the existing 
CPGA 
package. 
Customers 


need to work with their heat sink suppliers 
to ensure 


that their heat sink designs 
can accommodate 
both the 


PPGA and CPGA packages. 


Heat Sink Lip 


Figure 
10. A Heat Sink Design 
With a Lip 


1998 PentiurrfJ 
Processor 
Databook 
2-285 


AP-577 / An Introduction 
To Plastic Pin Grid Array (PPGA) Packaging 
in1:et 


3.4. 
Quality and Reliability 


To ensure 
that the PPGA package 
continues 
to meet 
performance 
requirements 
over time, Intel performed 


extensive 
reliability 
stress tests, including 
temperature 


cycle, temperaturelhumiditylbias, 
high temperature 
life 
test, 
and 
steam. 
Thermal, 
mechanical 
shock 
and 


vibration 
stress tests were also performed 
as part of the 
system 
level 
evaluation. 
Table 
6 lists 
some 
of the 
reliability 
tests 
performed 
on PPGA 
packages. 
The 
quality 
and 
reliability 
test 
results 
meet 
Intel's 
requirements. 


4.0. 
SYSTEMLEVEL 
CHARACTERIZATION 


The 
Plastic 
Pin 
Grid 
Array 
(PPGA) 
package 
was 
evaluated 
as a drop-in 
replacement 
for the Ceramic 


PGA 
package 
for 
present 
and 
future 
Intel 
board 
designs. 


First, 
the 
impact 
of 
the 
PPGA 
package 
on board 


assembly 
was studied 
by assembling 
PPGA packages 
into sockets 
soldered 
on boards. These packages 
were 
split equally 
between 
LIF and 
ZIF sockets 
and 
the 
process 
steps 
included 
the 
application 
of 
thermal 


grease, 
and 
attachment 
of heat 
sinks 
and 
clips. 
No 


major 
issues 
were discovered 
during 
this evaluation. 
This indicates 
that introduction 
of the PPGA will cause 


no adverse 
impact on the manufacturing 
process 
flow 


for assembling 
boards. 


Second, 
the 
PPGA 
package 
integrity 
and 
reliability 


under 
board 
and 
system 
level 
environmental 
stress 
tests were ascertained. 
The PPGA packages with the 


Pentium 
processors, 
assembled 
on 
a 
server 
CPU 


module, 
were subjected 
to thermal 
shock, 
vibration, 


mechanical 
shock, 
humidity, 
and 
temperature 
and 


voltage 
limits tests. After each test, the CPU modules 


were checked 
for functionality. 
Every 
module 
passed 
after each test. 


4.1. 
System Level Assembly and 
Manufacturing 


The goal for this phase 
was to identify 
incompatible 


process, 
tooling, 
materials 
and handling 
issues for the 


PPGA package 
in comparison 
to the CPGA on Intel's 


manufacturing 
line. 


The sequence 
for assembling 
the PPGA 
packages 
in 
sockets soldered onto boards was: 


• 
Visual inspection 
under 10X magnification 


• 
Sockets 
were wave soldered 
on each dummy 
test 


board. 
Half of the sockets 
were ZIF sockets 
and 


the other half were 296-pin LIF sockets. 


• 
Multiple boards were assembled 
with the sockets 


• 
After wave soldering, 
the boards 
were delivered 
to 


the heat sink assembly 
area. 


• 
PPGA ~omponents 
were inserted 
into the ZIF and 


LIF sockets 
per standard 
procedure. 
A lubricant 
is 


typically 
also sprayed 
on the socket 
to aid in this 


insertion 
process. 
ZIF socket 
insertions 
are done 


manually. 


• 
Next, 
a grease 
foil 
was 
placed 
on 
top 
of 
the 


package. 


Table 6. Some 
PPGA Rellablllty 
Tests 


Stress 
Test 
Duration 
Stress 
Condition 


Package 
Level 
Temperature 
Cycle "B" 
1000 cycles 
-550 C to 1250 C 


Temperature 
Humidity 
1000 hours 
T = 850 C, Humidity = 85% 
Bias (85/85) 


Biased Life Test 
1000 hours 


Steam Stress 
168 hours 
T = 1210 C, Pressure = 2 Atm 


System 
Level 
Thermal 
Shock 
T = -400 C to +700 C 


Mechanical 
Shock 
50 grams and averages 
3 shakes per axis 


Vibration 
Random frequencies 
between 
20 Hz 
to 2000 
Hz 
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• 
The heat sink was placed on the package, 
the heat 


sink clip was hooked on to the socket. 


• 
After the assembly 
process was completed, 
the heat 


·sink 
assemblies 
were 
disassembled, 
the 
PPGA 
packages 
were 
removed 
from 
the 
sockets 
and 
inspected under IOX magnification 
for damage. 


The test results did not show any damage 
to any of the 


PPGA packages. 
The use of PPGA packages 
required 
no manufacturing 
process 
change. 


Note: 


Insertion 
tooling 
may need to be modified 
for 


the clearance 
due to the external 
capacitors 
on 


top 
of 
the 
package. 
No 
problem 
has 
been 


observed 
in the evaluation 
process 
related 
to 
foil 
misalignment 
on 
the 
heat 
slug 
causing 


shorts 
between 
the .adjacent 
capacitors. 
Use 
manufacturing 
controls 
when 
stacking 
up the 
processor, 
thermal 
interface 
and the heat sink 
to 
avoid 
foil 
misplacement 
on 
the 
PPGA 


package heat slug. 


4.2. 
Quality and Reliability 


PPGA Packages 
with Pentium 
processor 
devices 
were 


the 
test 
vehicles 
for 
this 
evaluation. 
These 
PPGA 


packages 
were 
inserted 
into LIF 
sockets 
on typical 
server 
product 
type 
boards. 
These 
boards 
have 
one 


Pentium 
processor 
with an expandable 
cache. Table 7 


details 
the 
environmental 
tests 
to which 
the boards 


were subjected. 


After 
each 
of 
the 
stress 
tests 
described 
above, 
a 


functional 
test was performed 
to verify that the boards 


under test were functional. 
All the boards tested passed 


after every environmental 
stress test exposure 
and they 


were 
functional 
at the end of the entire test sequence. 


The PPGA packages 
passed the typical Intel board and 
system level environmental 
stress exposure 
tests. 


Table 
7. Environment 
Stress 
Exposure 
Evaluation 


Thermal 
Shock 
Test (Non- 
.400 C to 700 C for 50 hours, at a rate of 15'C to 300 C /minute 
operating) 


Vibration 
Test 
10 minutes 
per axis for all 3 axes. 


5 Hz to 20 Hz at a rate of 0.01 9!/Hz to 0.02 g2/Hz 


20 Hz to 200 Hz at a rate of 0.02 9!/Hz 


Mechanical 
Shock 
Trapezoidal 
50G, 11 msec at a velocity 
change 
of 170 inches/sec 


Temperature/Voltage 
Corner 
Tests 
00 C, +4.75 V, 
+11.4 V 


00 C, +5.25 V, 
+12.6 V 


550 C, +4.74 V, +11.4 V 


550 C, +5.25 V, +12.6 V 


Humidity 
Test 
95% humidity 
at a temperature 
range from 2!0 C to 650 C for 240 
hours 


, 
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5.0. 
PERFORMANCE 
COMPARISON 
BETWEEN 
PPGA AND CPGA 


5.1. 
Package Level Comparison 


The PPGA package 
provides 
increased 
availability 
of 
high frequency 
microprocessors, 
and provides 
better 
system 
thermal 
margin. 
Moreover, 
as 
the 
die 
size 
continues 
to 
shrink, 
the 
concentrated 
heat 
flux 
becomes 
critical. 
Hence 
effective 
heat spreading 
will 


significantly 
improve the processor performance. 


Figure 
II 
details 
the 
package 
trace 
for CPGA 
and 


PPGA. Because 
of the different 
metallization, 
the trace 
metal of the CPGA package 
being tungsten 
and that of 


the 
PPGA 
being 
copper, 
the 
resistance 
is lower 
in 


PPGA 
package, 
yielding 
lower 
IR drop. Therefore 
a 


higher 
core voltage 
is achieved 
when 
PPGA 
is used. 
Intel 
guarantees 
that 
the 
product 
I/O 
timing 
specifications 
will not change 
from one package 
type 


to another. 


5.2. 
System Level Comparison 


A 120 MHz Pentium 
processor 
in a CPGA 
package 
was compared 
to a 120 MHz Pentium 
processor 
in a 


PPGA package 
for its thermal effectiveness 
in a typical 


server chassis. 
The conditions 
under 
which 
these two 


packages 
were tested were identical. 
The heat sink and 
thermal 
interface 
compound 
used was also the same. 


The case temperatures 
of the packages 
were measured 


and recorded 
for comparison. 
The results show a 5° C 


to 6° C difference 
between 
the 
margin 
of the 
two 


packages, 
with 
the 
device 
in 
the 
PPGA 
package 


running 
cooler than that in the CPGA package. 
It can 
be concluded 
that the device 
in a PPGA package 
can 
be installed 
in any system 
that currently 
has the same 


device in a CPGA package. 


6.0. 
CONCLUSION 


The 
new 
PPGA 
package 
outperforms 
the 
CPGA 


package 
electrically 
and 
thermally. 
In 
addition 
to 


providing 
increased 
availability 
of high-performance 


microprocessors, 
it is compatible 
with CPGA 
board 
manufacturing 
processes 
and is board-level 
reliability 


compliant. 
The 
interchangeability 
ensures 
that 
the 


thermal 
design 
solutions 
for 
PPGA 
package 
are 
compatible 
with the existing CPGA thermal designs. 


2-288 


CPGA 
PPGA 


CPGA: 
tungsten metallization, 
higher R 


Figure 11. PPGA ~as Lower Trace Resistance 


PPGA: 
copper metallization, 
lower R 
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APPENDIX 
A. 
THERMAL 
RESISTANCE 
VALUES 
FOR PENTIUM® 
PROCESSOR 
CB11N CPGA (WITHOUT 
HEAT SPREADER) 
AND IN PPGA 


Table A-1: 9CA[OCIW] for Different 
Heat Sink Heights and Air Flow Rates (CPGA) 


9CA[OCIW] vs Air Flow Rate [LFM] 


Heat Sink Height 
0 
100 
200 
400 
600 
800 


0.25" 
9.4 
8.3 
6.9 
4.7 
3.9 
3.3 


0.35" 
9.1 
7.8 
6.3 
4.3 
3.6 
3.1 


0.45" 
8.7 
7.3 
5.6 
3.9 
3.2 
2.8 


0.55" 
8.4 
6.8 
5.0 
3.5 
2.9 
2.6 


0.65" 
8.0 
6.3 
4.6 
3.3 
2.7 
2.4 


0.80" 
7.3 
5.6 
4.2 
2.9 
2.5 
2.3 


1.00" 
6.6 
4.9 
3.9 
2.9 
2.4 
2.1 


f· 
1.20" 
6.2 
4.6 
3.6 
2.7 
2.3 
2.1 


1.40" 
5.7 
4.2 
3.3 
2.5 
2.2 
2.0 


1.50" 
5.5 
4.1 
3.1 
2.4 
2.2 
2.0 


None 
14.5 
13.8 
12.6 
10.5 
8.6 
7.5 


Note: 


SCAis case to ambient 
thermal 
resistance. 
SCAvalues 
shown 
in this table are typical values. 
The actual q8CAvalues' depends 
on the heat sink fin design, 
the interface 
between 
heat sink and package, 
the air flow in the system, 
and thermal 
interactions 
between 
CPU and surrounding 
components 
through 
the PCS and the ambient. 


Table A-2: 9JC£°CIW] for a CPGA Package 
With and Without 
a Heat Sink 


No Heat Sink 
With Heat Sink 


I 
Average 
9JC 
1.7 
1.25 
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Table A-3: 9 JA[OCIW] for Different 
Heat Sink 
Heights 
and Air Flow 
Rates (CPGA) 


9JA °CIW] verses 
Air Flow 
Rate [LFM] 


Heat Sink 
Height 
0 
100 
200 
400 
600 
800 


0.25" 
10.6 
9.5 
8.1 
5.9 
5.1 
4.5 


0.35" 
10.3 
9.0 
7.5 
5.5 
4.8 
4.3 


0.45" 
9.9 
8.5 
6.8 
5.1 
4.4 
4.0 


0.55" 
9.6 
8.0 
6.2 
4.7 
4.1 
3.8 


0.65" 
9.2 
7.5 
5.8 
4.5 
3.9 
3.6 


0.80" 
8.5 
6.8 
5.4 
4.1 
3.7 
3.5 


1.00" 
7.8 
6.1 
5.1 
4.1 
3.6 
3.3 


1.20" 
7.4 
5.8 
4.8 
3.9 
3.5 
3.3 


1.40" 
6.9 
5.4 
4.5 
3.7 
3.4 
3.2 


1.50" 
6.7 
5.3 
4.3 
3.6 
3.4 
3.2 


None 
16.2 
15.5 
14.3 
12.2 
10.3 
9.2 


Table A-4: 9CA~OCIW]for Different 
Heat Sink 
Heights 
and Air Flow 
Rates (PPGA) 


9CA[OCIW] verses 
Air Flow 
Rate [LFM] 


Heat Sink 
Height 
0 
100 
200 
400 
600 
800 


0.25" 
9.0 
7.9 
6.5 
4.3 
3.5 
2.9 


0.35" 
8.7 
7.4 
5.9 
3.9 
3.2 
2.7 


0.45" 
8.3 
6.9 
5.2 
3.5 
2.8 
2.4 


0.55" 
8.0 
6.4 
4.6 
3.1 
2.5 
2.2 


0.65" 
7.6 
5.9 
4.2 
2.9 
2.3 
2.0 


0.80" 
6.9 
5.2 
3.8 
2.5 
2.1 
1.9 


1.00" 
6.2 
4.5 
3.5 
2.5 
2.0 
1.7 


1.20" 
5.8 
4.2 
3.2 
2.3 
1.9 
1.7 


1.40" 
5.3 
3.8 
2.9 
2.1 
1.8 
1.6 


1.50" 
5.1 
3.7 
2.7 
2.0 
1.8 
1.6 


None 
13.0 
12.3 
11.4 
8.0 
6.6 
5.7 


Note: 


9CA is case to ambient 
thermal 
resistance. 
9CA values 
shown 
in this table are typical 
values. 
The actual9CA 
values 
depends 
on the heat sink fin design, 
the interface 
between 
heat sink and package, 
the air flow in the system, 
and thermal 
interactions 
between 
CPU and surrounding 
components 
through 
the PCS and the ambient. 
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No Heat Sink 
With 
Heat Sink 


I 
Average 
9JC 
1.3 
0.50 


Table A-5: 9JdoCIW] 
for a PPGA Package 
With 
and Without 
a Heat Sink 


Table A-6: 9JA[OCIW] for Different 
Heat Sink Heights 
and Air Flow 
Rates (PPGA) 


9JA[OCIW] verses 
Air Flow 
Rate [LFM] 


Heat Sink 
0 
100 
200 
400 
600 
' 800 
Height 


0.25" 
9.5 
8.4 
7.0 
4.8 
4.0 
3.4 


0.35" 
9.2 
7.9 
6.4 
4.4 
3.7 
3.2 


0.45" 
8.8 
7.4 
5.7 
4.0 
3.3 
2.9 


0.55" 
8.5 
6.9 
5.1 
3.6 
3.0 
2.7 


0.65" 
8.1 
6.4 
4.7 
3.4 
2.8 
2.5 


0.80" 
7.4 
5.7 
4.3 
3.0 
2.6 
2.4 


1.00" 
6.7 
5.0 
4.0 
3.0 
2.5 
2.2 


1.20" 
6.3 
4.7 
3.7 
2.8 
2.4 
2.2 


1.40" 
5.8 
4.3 
3.4 
2.6 
2.3 
2.1 


1.50" 
5.6 
4.2 
3.2 
2.5 
2.3 
2.1 


None 
14.3 
13.6 
12.7 
9.3 
7.9 
7.0 
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APPENDIX 
B. FREQUENTLY 
ASKED QUESTIONS 


1. Does Intel have any plans to cover the exposed 
circuitry on the slug side of the PPGApackage? 


Intel has no plans to pursue protective 
coatings 
on top of 
the current organic package. Exposed 
circuitry is not new 
to the component 
or PC board 
industries. 
World-class 
manufacturing 
techniques 
will 
ensure 
that 
shortingldamage 
does not occur. 


2. What are the concerns in attaching a heat sink clip to 
the package rather than the socket? 


Repeated 
installation/removal 
of 
the 
clip 
can 
cause 
damage 
to the package 
edge as it is PC board 
material 
rather than ceramic. 
Additionally, 
our tests indicate that if 
the combined 
mass of package 
and heat sink is greater 
than -135 
grams, the assembly 
can vibrate out of certain 
type 
5 or 7 ZIF 
sockets 
during 
shock 
and 
vibration 
testing. 
If heat sink attach to the package 
is going to be 
used, the customer 
should evaluate 
the assembly 
fully for 
these types of issues. The majority of Intel data was taken 
attaching 
the heat sink clip to the socket. 


3. Does Intel plan' to add either product or Ssspec 
marking to the heat slug? 


Intel has no current 
plans to change 
the marking 
on the 
PPGA. 
The product 
speed 
code 
is marked 
on the heat 


slug. 


4. Is Intel considering changing the color of the PPGA 
shipping tray to make it more distinguishable from the 
CPGA tray to distinguish product/speed? 


The 
production 
version 
of the PPGA 
shipping 
tray 
is 
brown 
in color 
to distinguish 
it 
from 
the CPGA 
tray 


(blue). 
No 
other 
changes 
were 
made 
to the 
original 
PPGA tray. Production 
units will be shipped in the brown 
tray. 


5. Is Intel considering an 85° C TeASE 
rating for this 
package? 


PPGA thermal 
efficiency 
is a factor in enabling 
Intel to 
offer higher 
performance 
processors. 
We have no plans 
to increase T CASE at the expense of performance. 


6. In view of the PPGA package's superior thermal and 
electrical properties, will the same product in CPGA be 
interchangeable with PPGA? 


Intel guarantees 
that all Pentium 
processors 
in the PPGA 
package 
meet the same ACIDC specifications 
as those in 
the CPGA package. 


7. Will protective shipping bags be used to prevent 
foreign 
material 
accumulation 
during 
shipping 
or 
storage? 


The PPGA package 
will be shipped 
in the same manner 
as the CPGA 
package. 
The 
shipping 
box 
itself 
offers 
protection 
from foreign material. 


8. What is the maximum heat sink clipforce that can be 
applied? 


100 Ibs is the maximum 
force. Experiments 
have shown 
that 
5 
Ibs 
is 
sufficient 
to 
achieve 
optimum 
thermal 
transfer 
between 
the package 
slug and heats sink when 
thermal 
grease 
is used. 
Due 
to the 
slight 
package 
thickness 
increase 
when compared 
to the CPGA package, 


clip force will increase 
by approximately 
5 percent 
when 
applying 
CPGA 
clips 
to the 
PPGA 
package. 
Before 
applying 
a CPGA heat sink, be sure to verify that it has 
proper clearance 
and will fit the PPGA package. 


9. Is Intel planning to provide a video or other training 
on how to handle this package 
in a manufacturing 
environment? 


We have no plans to offer any specialized 
training. 


10. What is the total capacitance of the CPGA package 
and how does it compare to PPGA total capacitance? 


The CPGA package 
capacitance 
is 14 nfds. The goal in 
design was to match effective 
series inductance 
between 
the 
packages 
rather 
than 
capacitance. 
Due 
to 
the 
capacitor 
layout, 
termination 
differences, 
and 
relative 
locations 
in relation 
to the 
die, 
the 
CPGA 
package 
requires 
considerably 
less 
total 
capacitance 
than 
the 
PPGA package's 
120 nfds. 


11. What are the flammability ratings for the encap and 
BT material used in the package? 


The PPGA package 
passes the" 
Needle Flame Test" per 
IES 695-2-2. 
The samples 
do not support 
flaming 
time 
nor do they 
have 
any 
flaming 
particles. 
The 
Oxygen 
Index Test has been conducted. 
24 percent 
oxygen 
is the 
minimum 
concentration 
that will support 
flaming. 
Copies 
of the UL reports are available. 
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(insertion pressure will be applied to the slug rather 
than the pin matrix area)? 


We expect 
no issues 
if force 
is applied 
uniformly 
and 
parallel 
to the plane 
of the package 
to ensure 
no heat 
sink tilt occurs 
and total force is kept below 100 Ibs. 


14. Can Intel supply its thermal modeling data or 
thermal test chips so customers can run their own 
simulations? 


We can supply mode ling data as to the effect of airflow 
LFM on heat sink size. This should 
be requested 
from 


your Field Applications 
Engineer 
(FAE). 


15. Will Intel provide 
data on additional 
thermal 
interface materials? 


Intel evaluated 
TC-208 
and chose 
not to use it as it did 
not 
meet 
our 
manufacturing 
process 
dry 
out 
requirements. 
Our application 
note, 
An Introduction to 


Plastic Pin Grid Array 
(PPGA) Packaging, 
(Order 
Number 
243103-001) 
references 
Thermalcote 
I. Other 
materials 
may have similar performance 
but we have no 
plans to provide data on any other materials. 
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18. Does Intel have any plans to cover the sides of the 
PPGA package, 
which has 
exposed 
metal 
and 
is 
electrically conductive? 


Intel has no plans 
to pursue 
protective 
coatings 
on the 


side 
of 
the 
current 
organic 
package. 
World 
class 


manufacturing 
techniques 
will 
ensure 
that 
shorting/damage 
does 
not 
occur. 
Please 
refer 
to this 


application 
note for recommendation 
of implementation. 
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APPENDIX 
C. HEAT SINKlFANSINK 
AND SOCKET 
SUPPLIERS 


Heat SinkJ 
Fanslnk 
Suppliers 
Address 
of Suppliers 
Contact 
Phone 
Fax 


Aavid 
One Kool Path P.O.Box 400 
Gary Kuzmin 
(603) 528-3400 
(603) 528-1478 
Laconia, 
NH 03247 


Des Tech 
No.463, Kang Ning SI 
Jason Hsu 
886-6-695-0462 
886-2-695-0462 
Hsi Chih Chen, 
Taipei 22121, Taiwar 


Evox Rifa 
300 Tri-State 
Internationa 
Andrews 
(847) 948-9511 
(847) 948-9320 
Suite 375 
Bellavia 
Lincolnshire, 
IL 60069 


Global Win 
IF, No. 366, Tanan Rd. 
Andy Lin 
886-2-891-7388 
886-2-881-7219 
Technology 
Shih Lin, Taipei, Taiwar 


IERC 
135 W. Magnolia 
Blvd. 
Guy Addis 
(818) 842-7277 
(818) 848-8872 
Burbank, CA 91502 


Johnson 
15128 East Euclid Ave. 
Brent Bollong 
(509) 922-8702 
N/A 
Matthey 
Spokane, 
WA 99216 


Megaland 
4962 El Camino 
Real 
Wayne 
(415) 9.67-2800 
(415) 967-2878 
Inc. 
Suite #109 
Clement 
Los Altos, CA 94022 


Sanyo-Denki 
1-15 Kita Ohtsuka 
Toshima, 
James Sia 
(310) 787-6825 
813-3-917-4521 
(Keymarc) 
Tokyo 
170, Japan 


Thermalloy 
2021 W. Valley View Lane 
Larry Tucker 
(214) 243-4321 
(214) 241-4656 
Dallas, TX 
75234 


Chip 
333 Strawberry 
Field Rd. 
WilliamB. 
(800) 227-0254 
(401) 732-6119 
Coolers', 
Inc. 
Warwick, 
RI 02886 
Rife 


EG&G 
60 Audubon 
Rd. 
David Saums 
(617) 245-5900 
(617) 246-0874 


Wakefield 
Wakefield, 
MA 0188C 
Engineering 
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Socket 
Suppliers 
Address 
of Suppliers 
Contact 
Phone 
Fax 


AMP 
19200 Stevens 
Creek Blvd. 
Berny Kulwin 
(408) 725-4984 
(408) 725-4997 
Cupertino, 
CA 95014 


Andon 
4 Court Drive 
John Tate 
(410) 333-0388 
(410) 333-0287 
Lincoln, 
AI 02865 


Bergquist 
5300 Edina Industrial 
Blvd. 
Kevin 
(612) 835-9096 
(612) 835-4156 
Edina, MN 55435 
Hanson 
x172 


Burndy 
51 Aichards 
Ave., 
Ed Hrvatin 
(203) 852-8553 
(203) 852-8556 
P.O.Box5200, 
Norwalk, 
CT 06856 


Loranger 
3000 Scott Blvd. 
Whitney 
(408) 727-4234 
(408) 727-5842 
Santa Clara, CA 9505C 
Sharp 


MiIIMax 
190 Pine Hollow Ad. 
Aoger 
(516) 922-6000 
(516) 922-0023 
Oyster Bay, NY 11771 
Sutcliffe 
x209 
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1.0. 
INTRODUCTION 


In addition 
to standard 
3.3V Pentiurn" processors, 
Intel is 
offering 
3.3V 
Pentium 
processors 
with 
VRE 
specifications 
to enable 
quicker 
time-to-market 
cycles, 


and 
higher-performance 
desktop 
and 
server 
systems. 
This document 
will explain 
the voltage 
specifications, 
recommend 
solutions 
for supplying 
consistent 
power, 
and 
suggest 
validation 
techniques 
to ensure 
robust 
3.3V 
Pentium 
processor-based 
desktop 
or 
server 
systems. 
VRE 
(Voltage 
Regulated 
Extension) 
components 
have 
stricter 
supply 
voltage 
specifications 
than 
standard 
components, 
and 
as 
such 
VRE-based 
designs 
bring additional 
challenges 
to power regulation. 
Although 
this document 
focuses 
on VRE 
designs, 
the 
system 
design 
and voltage 
measurement 
concepts 
also 
apply to designs for standard components. 


This document 
contains five key sections: 


Chapter 
2.0 
discusses 
the 
standard 
and 
VRE 
specifications. 
The 
VRE 
and 
standard 
voltage 
ranges 
have 
been 
adjusted 
for the C2-step 
and all subsequent 
processors, 
These 
changes 
are reflected 
in the chapter 
(and 
the 
entire 
document). 
Chapter 
2.0 
also 
gives 
an 
overview 
of some important 
system 
design 
and voltage 
measurement 
considerations 
associated. 
with 
VRE 
components. 
The 
consequences 
of 
specification 
violations 
are also discussed, 


Chapter 
3.0 deals with the power supply 
and regulation, 


It contains 
power 
implementation 
recommendations 
to 
ensure 
a robust 
system 
design. 
In addition, 
this chapter 
contains 
detailed 
low 
cost 
bulk 
and 
high 
speed 
decoupling 
recommendations 
for Socket 
5, 
Socket 
7, 
and standard 3.3V designs, 


Chapter 4,0 explains 
the proper measurement 
techniques 
to 
verify 
that 
systems 
meet 
their 
respective 
voltage 
specifications. 
These 
measurement 
techniques 
apply 
to 
all Pentium 
processors. 
Measurement 
results 
from 
the 
Pentium~ 
Processor 
Flexible 
Motherboard 
Reference 
Design are shown in this chapter. 


Appendices 
A and B provide 
information 
about tools to 
assist 
in both 
simulating 
decoupling 
solutions, 
and 
in 
taking voltage measurements. 
Specifically, 
information 
is 
provided 
about 
obtaining 
SPICE* 
source 
files 
and 
simulation 
results. This section also contains 
information 
on how to obtain and use the recommended 
"stress" 
code 
for voltage noise measurement. 
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Finally, 
Appendix 
C 
provides 
a 
list 
of 
third 
party 
vendors. 
These 
vendors 
include 
suppliers 
of regulators, 
resistors, capacitors, 
and sockets, 


2.0, 
SPECIFICATIONS 


2.1. 
The VRE Specification 


The only difference 
between 
the VRE, and standard 
3.3V 
specifications 
are the voltage supply requirements. 
Since 
the VRE specification 
has a stricter Vcc requirement 
than 
the standard 
voltage 
specification, 
VRE-based 
systems 
are very sensitive 
to voltage 
supply noise and transients, 


Any 
overshoot 
or 
undershoot 
beyond 
the 
voltage 
range 
(at a measurement 
bandwidth 
of 20MHz) 
is not 
permitted. 
Any transient 
excursion 
beyond 
the specified 
voltage 
range 
may 
result 
in unstable 
system 
behavior. 
Note that socket type and measuring 
techniques 
are also 
specified 
and should 
be followed 
to ensure 
consistent 
and accurate measurements, 


Complete 
S-Specs, 
and 
availability 
of 
the 
Pentium 
processor 
family 
may 
be found 
in the 
latest 
Pentium 
processor 
stepping 
information 
or Pentium~ 
Processor 
Specification 
Update (Order Number 242480). 


The complete 
specifications 
shown 
above 
must be met 
to 
ensure 
a 
robust 
VRE·based 
platform. 
All 
measurements 
must be made and guaranteed 
at the back 
of the motherboard 
at the CPU socket pins, 
The voltage 
specifications 
assume 
an 
oscilloscope 
measurement 
bandwidth 
of 20MHz, 
Socket 
5 or 
Socket 
7 
(or 
an 
equivalent 
socket 
of less than 5nH) 
should 
be used 
to 
ensure 
upgradability 
to 
future 
Pentium 
Overfrrive" 


processors 
and 
to 
ensure 
accurate 
transient 
measurements. 


Note that standard 
voltage 
range encompasses 
the VRE 
range, hence standard parts will operate in VRE systems. 


2.1.1. 
The VRE Supply 
Voltage 
Range 


VRE 
components 
allow 
less 
transient 
tolerance 
than 
standard 
components. 
To compensate 
for the smaller 
transient 
tolerance, 
VRE-based 
platforms 
must 
use 
accurate 
voltage 
regulators 
and 
adequate 
local 
decoupling 
capacitors. 
During 
worst-case 
transient 
conditions 
(transition 
into and out of Stop Grant Mode or 
Halt 
Power 
Down 
Mode), 
current 
supplied 
to 
the 
processor 
can 
change 
by 
several 
amperes 
in tens 
of 
nanoseconds 
(Appendix 
B provides 
information 
about 
obtaining 
simulation 
models 
for accurately 
determining 
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Poorly designed 
desktop 
and server systems 
will violate 
VRE specifications 
during normal 
operation. 
An unusual 


application 
instruction 
mix can cause large current spikes 
from clock 
cycle 
to clock 
cycle. 
Figure 
2 shows 
the 
rapid fluctuations 
of system power during execution 
of a 
BAPC093* 
benchmark 
trace 
(BAPC093 
is 
a system 
benchmark 
used 
for measuring 
system 
performance). 
These quick transitions 
in current occur in a shorter time 
frame than that in which the power supply unit or voltage 
regulator 
may be able to respond. 


Worst-case 
transients 
occur 
during 
power 
management. 


Figure 3 shows an oscilloscope 
trace of a system leaving 
the low-power 
Stop 
Grant 
State 
(via 
a deassertion 
of 
STPCLK#). 
The supply 
voltage 
"droops" 
due to ESL 
and 
ESR 
effects 
(see 
section 
3.4), 
and 
because 
the 
voltage 
regulator 
cannot 
respond 
quickly 
enough 
to the 
large, 
instantaneous 
change 
in 
current. 
Droops 
and 
surges also occur in systems 
with proper decoupling, 
but 
to a lesser 
extent. 
The system 
also has high frequency 
noise 
due to high operation 
speed 
of the intemal 
core. 


2.3. 
Voltage Specification 
Violations 


Overshooting 
the voltage 
specification 
can cause certain 
signals 
to violate 
their 
Minimum 
Valid 
Delay 
timing 
specifications. 
This timing violation 
will in turn lead to a 
failure 
in 
the 
system. 
Excessive 
and 
sustained 
overshooting 
can also cause hot electron 
related 
effects 
which can compromise 
the reliability 
of the part. 


Undershooting 
causes 
a reduction 
in the performance 
of 
the 
component, 
and 
may 
also 
lead 
to timing 
related 
failures. 
The processor 
will not function 
properly 
at its 
correct clock frequency. 
The effects of undershooting 
are 
aggravated 
by improper 
cooling mechanisms. 


Extensive 
die 
probing 
experiments 
show 
that 
high 
frequency 
overshooting 
and undershooting 
of the voltage 
specification 
are 
filtered 
by 
the 
processor's 
package 
parasitics, 
and are accounted 
for during the testing of the 
processor. 
As a result, 
the 
recommended 
oscilloscope 
measurement 
bandwidth 
has 
been 
adjusted 
to 20MHz 
(see section 4.2 for details). 


Table 
1 
Comparison 
of Standard 
Specifications 
to VRE Specifications 


Specifications 
Standard 
VRE 


v: 
3.135V' to 3.6V 
3.4V' to 3.6V 


No overshoot 
or undershoot 
No overshoot 
or undershoot 
allowed 
allowed 


Timings 
Standard 
and MD 
MD only 


Thermals 
Same Maximum be and Maximum 
Power Dissipation 


Socket 
Pentium OverDrive" 
Processor 
Upgrade 
Socket 5 or Socket 7 


Measurement 
Transients 
must be measured 
and guaranteed 
at the back of thE 
motherboard 
at the CPU socket pins. The measurement 
should bE 


taken with a bandwidth 
of at least 20MHz (see section 4.2) 


'Applies to the C2 stepping, and all subsequent 
Pentium processors. 
'Applies to the C2 stepping, and all subsequent 
Pentium processors 
with the VRE specification. 
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3.40V 
VRERange 
3.60V 


• 
3.135V 
Standard Range 


3.60V 


Figure 
1. A Comparison 
of Standard 
and VRE Specifications 


7 


6 


5 


2 


o ~------------------------------------------------------ 


Trace 
Execution 
Time 
= 1 hour 
59 
minutes 
and 
8 seconds 


Figure 2. Rapid Fluctuations 
of 
System 
Power While During Active 
Operation 
(BAPC093) 


3.0. 
THE POWER SUPPLY 


Until 
traditional 
power 
supply 
units 
with 
3.3V 
DC 


outputs 
are 
widely 
available, 
supplying 
power 
to the 
3.3V Pentium 
processor 
requires 
a 5V-to-3.3V 
voltage 


regulator. 
In addition, 
robust local decoupling 
must be 


provided to accommodate 
the transition 
to and from low- 


power modes. 
It is important 
to select the components 
to 


be as accurate 
as possible. 
A platform 
based 
on an 


inaccurate 
power supply unit must be compensated 
with 


a more 
accurate 
regulator 
and extra 
local 
decoupling. 


Similarly, 
a platform 
based 
on an inaccurate 
regulator 


requires 
accurate 
supporting 
components 
and additional 


decoupling 
capacitors. 
As shown next, selecting 
accurate 


components 
will maximize 
the voltage transient allowed. 


VRE Specifications 
= 
r Voltage Regulator Accuracy 
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+ 
Support Component 
Accuracy 


+ 
Thermal Driftand Aging Effects 


+ 
Measured Voltage Transient 


The VRE specification 
allows 
a total voltage 
budget 
of 
200mV. 
It is important 
to understand 
the voltage 
budget 
must include 
any deviation 
in the voltage 
regulator, 
the 
inaccuracy 
of its supporting 
components, 
and other non- 


ideal behavior 
of real components. 
When designing 
for a 
VRE-based 
platform, 
these 
DC 
factors 
must 
be 


subtracted 
from the total VRE budget. 
The remaining 
allowance 
should 
be 
targeted 
when 
measuring 
the 


voltage transient. 
It is hence important 
to select accurate 


voltage 
regulators 
and 
precise 
support 
components 
to 
allow maximum 
voltage transients. 
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3.1. 
Selecting 
an Accurate 
Power 
Supply Unit 


The power supply unit must provide 
a minimum 
setpoint 
equal 
to, 
or 
higher 
than 
the 
minimum 
input 
voltage 
required 
by the regulator. 
Off-the-shelf 
5V power supply 
units 
with 
a 5% accuracy 
specification 
can 
meet 
the 
typical 4.75V requirement 
of most regulators. 
However, 
a 5V power 
supply 
unit with an accuracy 
of 10% may 
provide 
a setpoint 
as low as 4.5V and fail the minimum 
input requirement. 
Similarly, 
an accurate 
power 
supply 
unit 
may 
also 
fail 
if 
the 
voltage 
regulator 


intel~ 


has minimum 
input voltages 
higher than 4.75V. 
If using 
a less accurate 
power supply unit, the minimum 
setpoint 


must be raised 
to meet 
or exceed 
the minimum 
input 
voltage 
required 
by the voltage 
regulator. 
If a voltage 
regulator 
requires 
an input 
voltage 
higher 
than 
4.75V, 


consider 
choosing 
a: more accurate 
power supply unit to 


raise the minimum 
setpoint. 


Sufficient 
decoupling 
must 
be 
provided 
between 
the 


power supply unit and the voltage 
regulator 
10 minimize 
any noise. 
The disturbance 
on the 5V power supply unit 
may exceed the specification 
of TrL logic devices 
if the 


decoupling 
capacitance 
is insufficient. 


Tek mm! 100MS/s 
[···T················· 
73 Acqs 
Vertical 
Offset: 
3.5050 
V 


......................................................... ] 


" 


: STPCLK#. ...(... 


..~ 
.. 


: I Ch 1 Offset 


ertical 
Offset 


Set to 0 V 


iAO" 'iF 


Voltage "Droop" when Exiting Stop Grant State 
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5.50V 


Voltage 
Regulator 


5VOCPo\\er 
Supply Unit 


5.25V 


4.7SV 
4.50V 


Power Supply 
Min Setpoint 
~ 
MinInput 
Voltage 


5V 
3.3 


Figure 
4. Setpolnt 
Requirement 
of 
Power 
Supply 


3.2. 
Selecting 
an Accurate 
Voltage 
Regulator 


There are two types of voltage regulators: 
switching 
and 


linear. 
Switching 
regulators 
provide 
power 
by pulsing 


the voltages 
and currents 
to the load, thus resulting 
in 


lower heat dissipation 
and higher efficiency. 
Switching 
regulators 
are 
however 
generally 
more 
expensive 
and 


require 
more 
supporting 
components 
than 
linear 


regulators. 
Linear 
regulators 
essentially 
are 
voltage 
dividers 
and provide 
power by "dividing 
down" 
the 5V 


inputs to 3.3V outputs. 
Linear regulators 
dissipate 
more 
power, but are less expensive 
and typically 
require 
only 


two additional 
(feedback) 
resistors. 
Unless 
the system 


has 
strict 
thermal 
requirements, 
linear 
regulators 
generally 
are suited for high-volume 
designs. 
Both types 
of regulators 
can 
meet the VRE voltage 
range 
if they 
have 
accurate 
outputs 
and 
precise 
supporting 


components. 
Table 2 below compares 
the two types of 


voltage regulators: 


An inaccurate 
regulator 
leaves 
little room 
for transient 


tolerance. 
For 
example, 
VRE 
specifications 
allow 
a 


voltage 
regulator 
solution 
to deviate 
only 
two percent 
(3.4V 
to 3.6V) 
from 
the 
desired 
regulator 
setpoint 
of 


3.5V. 
Static 
specifications 
such 
as 
line 
regulation, 


temperature 
drift, and the initial setpoint 
must be held to 
I% if any transient 
is to be permitted 
at all. 
Table 
3 


recommends 
the 
voltage 
regulator 
module 
accuracy 


required to ensure a robust VRE-based 
platform. 


There 
are direct 
tradeoffs 
between 
the accuracy 
of the 


regulator 
and the amount 
of local decoupling. 
Using an 


inaccurate 
regulator 
requires 
more 
accurate 
dividing 


resistors 
and more decoupling. 
Conversely, 
using high- 


ESR, 
quick -aging 
capacitors 
necessitates 
accurate 


regulators. 
The next section 
recommends 
the bulk and 


high-speed 
decoupling 
required 
to ensure 
a robust VRE- 


based 
platform. 
The recommendations 
were based 
on 


extensive 
simulations 
and empirical 
measurements. 


Table 2 
Comparison 
of Voltage 
Regulators 


Characteristics 
(Typical) 
Linear 
Regulator 
Switching 
Regulator 


Maximum 
Efficiency 
67% 
95% 


Maximum 
Power Dissipation 
33% 
5% 


2 to 6 
5 to 12 


Supporting 
Components 
(feedback 
resistors) 
(feedback 
resistors, 
MOSFET 
switches, 
inductor, 
diode, caps) 


Approximate 
Total Cost 
Moderate 
Moderately 
High 
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Table 3. Recommendations 
for Linear 
Voltage 
Regulator 


Parameters 
Total 
Accuracy 
Maximum 
Deviation 


Voltage 
Regulator 
Setpoint 
± 
1 % (VRE) 
±35mV 
(VRE) 


+ 


Feedback 
Resistors 


+ 
± 
2% 
(STD) 
± 
66mV (STD) 


Thermal 
Drift, Aging Effects 


3.3. 
Bulk Oecoupling 
Recommendations 


The Pentium 
processor 
can be shut down and restarted 


very 
quickly 
with 
either 
the 
STPCLK# 
signal, 
or the 


HALT instruction. 
Switching 
the supply current 
on and 
off in very short time may cause 
serious 
power 
supply 


surges 
and 
droops 
in 
systems 
with 
inadequate 
bulk 


decoupling. 
Adequate 
bulk 
decoupling 
capacitors, 
located 
between 
the power and ground 
planes, 
near the 
processor, 
are necessary 
to filter these surges and droops. 


Adequate 
bulk 
capacitance 
is necessary 
to provide 
a 
current 
reservoir 
until the regulator 
can respond 
to the 
new load. 
It is important 
to use tantalum 
capacitors 
to 
minimize 
any 
aging 
effect. 
Electrolytic 
capacitors 
age 
faster, 
are inaccurate 
and are not stable 
over 
a wider 
temperature 
range. 
Capacitors 
with 
long 
leads 
add 


inductance 
and increase 
transients. 
Figure 
5 shows 
the 
bulk decoupling 
required 
and a layout example 
to ensure 
the effectiveness 
of bulk decoupling. 


Table 
4 
shows 
the 
decoupling 
recommendations 
for 
Socket 5, Socket 7 and standard 3.3V designs. Socket 7 


is compatible 
with Socket 5, and in addition 
it allows for 


upgradability 
to a P6-based 
processor. 
Note 
that 
the 


recommendations 
in 
Table 
4 
have 
already 
been 


optimized 
for cost efficiency. 


3.4. 
High Speed Oecoupling 
Recommendations 


Due to its high speed core activity, the Pentium 
processor 
generates 
high frequency 
noise 
components 
and higher 
current 
spikes 
in the 
power 
supply. 
High 
frequency 
capacitors 
between 
the 
power 
and 
ground 
planes 
and 
near 
the 
processor, 
are 
required 
to 
filter 
these 
high 
frequency 
noise components. 
Since the inductive 
effects 
of circuit 
board 
traces 
and 
component 
leads 
become 


more critical 
at higher 
frequencies, 
it is critical 
to place 
high 
frequency 
capacitors 
as near 
as possible 
to the 
processor, 
using 
short 
traces 
to minimize 
inductance. 


Surface 
mount 
capacitors 
should 
be placed 
inside 
and 
around the socket cavity as shown in Figure 6. 


The 
reccomendations 
shown 
in Table 
4 and 
Table 
5 


Table 
4 
Bulk 
Decoupllng 
Recommendations 
for 3 3V Platforms 


Design 
Qty 
Value 
Type 
Maximum 
ESR 
Maximum 
ESL 


Socket 5 
4 
100~F 
Tantalum 
25mO 
0.68 nH 


(100 mQlcap) 
(2.7 nH/cap) 


Socket 7 
4 
100~F 
Tantalum 
25mO 
0.68 nH 


(100 rnn/cap) 
(2.7 nH/cap) 


Standard 
4 
100~F 
Tantalum 
25mO 
0.68 nH 


(Iow cost, 
(100 mQ/cap) 
(2.7 nH/cap) 
non -VRE) 
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<>-13100 


100 


100 


Sockets 
5 and 7 
n 
'--'---- 
-----'U 


100 


Figure 
5. Recommended 
Bulk 
Decoupling 
Capacitor 
Values 
and Layout 
for VRE-based 
Design 


Table 5. 
High Speed 
Decoupling 
Recommendations 
for 3.3V Platforms 


Socket 
Qty 
VahJe 
Type 
Maximum 
ESR 
Maximum 
ESL 


Socket 5 
18 
1 ~F 
X7R1X7S 
0.83 mQ 
0.117 nH 


ceramic 
caps 
(15 mQlcap) 
(2.1 nH/cap) 


Socket 7 
25 
1 ~F 
X7R1X7S 
0.6mQ 
0.084 nH 


ceramic 
caps 
(15 mQlcap) 
(2.1 nH/cap) 


Standard 
12 
1 ~F 
X7R1X7S 
1.25mQ 
0.175 nH 


(Low Cost) 
ceramic 
caps 
(15 mntcap) 
(2.1 nH/cap) 
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Socket 5 
~'- 
--I 


capKik>r •••an.- •••.• 
in micro t.rad 


Figure 6. Recommended 
High Speed Decoupling 
Capacitors 
and Layout 
for VRE-based 
Unified-Plane 
Designs 
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S_o_c_k_e_t_7 
~~ 


capKllor values .N,n 
micro IaIWl 


Figure 7. Recommended 
High Speed Decoupling 
Capacitors 
and Layout 
for VRE-based 
Unified-Plane 
Designs 


were based on extensive 
simulations 
and experiments. 
They 
provide 
a 
robust, 
low 
cost 
solution 
to 
accommodate 
various 
Pentium 
processors 
and 


Pentium 
Overdrive 
processors. 
During 
system 
design 


cycles, 
questions 
may 
arise 
about 
reducing 
cost 
by 
reducing 
the amount 
of decoupling, 
substituting 
with 


different 
capacitor 
dielectrics, 
and using less accurate 


resistors. 
Before 
committing 
to any deviations 
from 
the recommendations, 
it is highly 
recommended 
that 
the solution 
be simulated 
and certified 
for the variety 
in 
components, 
temperatures, 
and 
lifetime 


degradations. 
The 
use 
of 
fewer,' 
and 
I or 
lower 
quality 
decoupling 
than 
indicated 
in this section 
is 


discouraged, 
even if voltage 
measurements 
indicate 


that the margin 
exists at 20MHz '. 


Endnotes 


I The 
product 
test 
environment 
assumes 
a certain 
minimum 
amount of decoupling. 
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ESR and ESL: Why Less is Better? 


Effective 
Series 
Resistance 
(ESR) and Effective 
Series 
Inductance 
(ESL) 
are elements 
of non-ideal 
behavior 
of real 
components. 
The ESR and ESL determine 
how quickly 
a capacitor 
can source 
current 
to regulate 
a new load. More 


importantly, 
the ESR must be low enough at high frequencies 
to not offset the desired filtering effects of bulk decoupling 
capacitors. 
For a given current transient, 
the voltage transient 
is proportional 
to the ESL and ESR. The use of capacitors 
with high ESR and ESL hence contributes 
to higher voltage 
transients 
and may cause overshooting 
or undershooting. 


Aluminum 
electrolytic 
capacitors 
degrade 
at a relatively 
low frequency. 
Low 
ESR 
tantalum 
caps 
can 
retain 
ESR 
specifications 
up to about 1-10 MHz. 
Low ESR ceramic capacitors 
can retain ESR specifications 
up to 100MHz. 
Do not 
reduce the quantity 
of capacitors 
shown in Table 4 and Table 5 if substituting 
with capacitors 
with a larger value. 
When 
placed in parallel, two 220llF tantalum 
capacitors 
may have higher ESR than four 100 JlF capacitors. 
Placing capacitors 
in parallel 
reduces 
the maximum 
overall ESR. 
The maximum 
overall ESR specifications 
listed in Table 4 are the same 
for capacitors 
with values of 100 IlF, 220)lF, and 330IlF. 


3.5. 
Decoupling Recommendations 
for Split-Plane Designs 


A split-plane 
design using 
Socket 7 should have all the 
decoupling 
'capacitors 
recommended 
for Socket 
7 (in 


Tables 
4 and 
5) placed 
on the 
core 
power 
plane. 
In 


addition 
12 capacitors, 
each 
with 
a value 
of 
O.IIlF, 
should be used to decouple the UO power plane. 


4.0. 
TAKINGVOLTAGE' 
MEASUREMENTS 


4.1. 
Creating Worst-Case Transient 
Excursion 


The 
recommendations 
for 
regulators 
and 
local 
decoupling 
can 
be 
validated 
by 
creating 
worst-case 
supply 
transient 
conditions 
and 
measuring 
accurately. 
Worst-case 
transients 
may be generated 
by executing 
the 
"stress" 
program 
on a Pentium 
processor 
test 
sample 


(refer to Appendix 
A for directions 
on obtaining 
test 


samples 
and the 
"stress" 
program). 
The 
table 
below 
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explain 
the 
steps 
to 
create 
the 
worst-case 
transient 


conditions 


It is necessary 
to assert and deassert 
the STPCLK# 
signal 


while executing 
the "stress" 
program 
to create the worst- 


case transient 
conditions. 
Asserting 
the STPCLK# 
signal 


will 
place 
the 
processor 
into 
the 
Stop 
Grant 
mode 


(consuming 
about 
15% of active 
current). 
Deasserting 


the 
STPCLK# 
signal 
will 
return 
the 
processor 
to the 


Normal 
state. 
To simulate 
actual 
system 
behavior, 
Voc 


should 
be 
stabilized 
before 
asserting 
or 
deasserting 


STPCLK# 
as shown 
below. 
Asserting 
and deasserting 


STPCLK# 
too rapidly 
may generate 
unrealistic 
voltage 


transients. 
There 
are no minimum 
time 
specifications 


required 
to stabilize 
Vcc since 
the 
estimated 
time 
is 


highly 
dependent 
on 
the 
system 
(length 
of 
current 
instruction, 
outstanding 
write 
cycles, 
response 
time 
of 


voltage 
regulator, 
and 
accuracy 
and 
quantity 
of 


decoupling). 
However, 
based 
on experiments 
from the 


Pentium 
Processor 
Flexible 
Motherboard 
Reference 


Design, STPCLK# should be asserted 
and deasserted 
at a 


rate 
of 
10-100KHz. 
As 
part 
of 
their 
power 
saving 


features, 
certain 
BIOS 
are 
able 
to 
assert/deassert 


STPCLK# 
during 
execution 
of a batch 
file 
(such 
as 


described in Table 6). 
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Step One 
A 
Install Pentium" processor 


Step Two 
B 
Insert diskette 
containing 
the "stress" program 


Step Three 
C 
Copy "STR4Y.EXE" 
to the C drive 


Step Four 
0 
Create a batch file with an infinite loop that executes"STRY4.EXE" 
once in every 
loop. See Appendix 
A. 


Step Five 
E 
Run the batch file created in step four. 


Step Six 
F 
Measure 
V"" and set oscilloscope 
as shown in Table 8 to obtain the voltaqr 


transient. 
The voltage transient 
must not overshoot 
3.6V, or dip lower than 3.4V fc 


VRE systems. 


Step Seven 
G 
Assert and deassert 
STPCLK# 
while the "stress" program 
is executing. 


Table 6 
Directions to Generate Worst-Case Transient 


Measurement 
Bandwidth' 
z 20 MHz 


Probe Bandwidth 
z 250 MHz 


Board Location 
At the back of the board, at Socket pins 
. 


Pin Locations 
12 Pins (listed above) 


Table 7. Measurement Technique Summary 


, Signals 
should 
be attenuated 
by no more than 3dB at 20MHz, 
and 6dB at 40MHz. 


CenterVCC 


STPCLK# Here 


Regulated VCC Level 


Assert / Deassert 
STPCLK# 
Here 
/ 


Minimum VCC: 
VRE: 3.4Y 
STD: 
3.l35V 


Figure 8. Method for Generating Worst-Case Transient via STPCLK# 
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4.2. 
Measurement 
Technique 


All transient 
measurements 
must be taken at the back of 
the motherboard 
at the socket 
pins on an iPSL-certified 


Socket 
5, Socket 
7, or an equivalent 
socket 
of 5nH or 
less. 
Measuring 
transients 
on an unspecified 
socket or at 


a different location will result in inaccurate 
readings. 
For 
accurate 
readings, 
all probe 
connections 
must be clean. 


Shorten 
the ground 
lead of the probe 
to minimize 
any 
extra inductance. 
A specially-made 
probe 
as shown 
in 
Figure 
9A will ensure 
accurate 
readings 
by connecting 


the probe 
tip directly 
to the V ss signal 
and connecting 


four standoffs 
to the Vss plane. 
Figure 
9B proposes 
an 
alternate 
solution 
by 
providing 
a short 
loop 
of 
wire 
around the ground shield of the probe. 
Figure 9C is not a 
good 
example 
of how to perform 
measurements. 
The 


ground 
cable 
of the probe 
will add significant 
noise 
to 


the transient measurements. 


The 
following 
Vc!V ss pairs 
should 
be measured, 
and 
must all meet the voltage 
specification: 
AN13/AMto, 


AN21/AMI8, 
AN29/AM26, 
AC37fZ36, 
U37/R36, 


L371H36, 
A251B28, 
A171B20, 
A71Bto, 
GI/K2, 
SIN2, 


AClfZ2. 
These pins are a subset of all Vc!V ss pairs, and 
hence 
should 
not 
be 
singled 
out 
when 
placing 


decoupling 
capacitors. 


The scope settings 
shown 
in Table 
8 are recommended 
for accurate 
measurements. 
Although 
the measurement 
bandwidth 
of the scope should be set at 20MHz, 
a probe 
with a bandwidth 
of at least 250MHz 
should 
be used. 
This 
high 
bandwidth 
probe 
ensures 
a total 
effective 


bandwidth 
of 20MHz. 
The trigger point should 
be set in 


the middle 
of the range 
and slowly 
moved 
to both the 


high and low ends of the VRE range. 


Table 8. 
Recommended 
Oscilloscope 
Configurations 
to Capture 
Voltage 
Transient 


Bandwidth' 
20 MHz' 


Sampling 
~ 
100 Mi"ion Samples, 
Rate 
Second 


Vertical 
s 20 mV/division 
Reading 


Horizontal 
z 500 nS/division 
Reading 


Display 
Infinite Persistence 


, Signals should be attenuated 
by no more than 3dB at 
20MHz. and 6dB at 40MHz. 


2 A probe with a bandwidth of at least 250MHz should be 
used. 
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4.3. 
Measurement 
Results 


The voltage 
transient 
measurement 
shown 
in Figure 
10 
was 
taken 
on 
the 
Pentium 
Processor 
Flexible 


Motherboard 
Reference 
Design 
(FMB) 
using 
the 


technique 
shown 
in Figure 
9B. 
The Pentium 
Processor 
FMB is an actual motherboard 
designed 
to accommodate 
various 
Pentium 
Processors 
and 
Pentium 
OverDrive 


processors, 
regardless 
of specifications. 
The 
Pentium 
Processor 
FMB ensures 
accurate 
voltage 
regulation 
and 
proper 
decoupling 
through 
the 
Voltage 
Regulator 
Module 
(VRM), 
a small 
add-on 
module. 
To 
allow 


maximum 
flexibility, 
a 
variety 
of 
VRM 
models 
are 
available 
to accommodate 
all voltage 
specifications 
on 
the 
Pentium 
processors. 
For 
more 
detailed 
specifications 
of the Pentium 
Processor 
FMB 
or VRM, 


please 
refer 
to 
the 
Pentium~ 
Processor 
Flexible 


Motherboard 
Design 
Guidelines, 
Revision 
2.0 
(Reference 
Number SC-0990). 


Figure 
to shows the Pentium 
processor 
exiting 
the Stop 
Grant Mode. 
Measurements 
were taken with a Tektronix 


TDS-684A 
oscilloscope 
and P6245 probe, while running 


the 
"stress" 
program 
with 
STPCLK# 
toggling 
to 


potentially 
create 
worst case transients. 
STPCLK# 
was 
also used to trigger the measurement. 
The platform 
used 


a VRE Spec VRM. 


The 
VRE 
specification 
can 
tolerate 
voltage 
transients 


from 3.4V to 3.6V. 
The available 
tolerance 
of 200mV 
allows 
for voltage 
deviations 
due to transients 
and 
for 
VRM setpoint 
accuracy. 
VRM setpoint 
accuracy 
refers 
to the range 
in which 
the VRM 
maintains 
the 
output 
voltage 
(i.e. 
DC 
offset, 
noise, 
regulation 
tolerance 
including 
reference 
resistor 
tolerance 
under 
line 
and 
temperature 
variations). 
In 
this 
case, 
the 
setpoint 


accuracy 
is 70mV. 
The 
maximum 
voltage 
transients 


measured 
was about 58mV. 
This demonstrates 
that the 
Pentium 
Processor 
Flexible 
Motherboard 
Reference 


Design 
meets 
the 
VRE 
voltage 
specification. 
It 
is 


important 
to 
note 
that 
the 
VRM 
and 
motherboard 
decoupling 
should 
allow 
for 
the 
main 
processor 
or 
Pentium OverDrive 
processor 
with the worst case current 
ramp. 
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GroundWire 
-Around 
Probe 
11>""'---,.. 


Correct 
Correct 
Not Correct!!! 


Signal ~ 


Figure 9. Correct 
and Incorrect 
Probe Connections 
for Measuring 
Transient 


Tek 
Run: 
100MS/s 
Sample 
E---=r-·--·----- 


Fine Scale: 
20.0mV 
-_. __ ... __._] 


! 
··t 


d: 58.0mV 
<l!l: 3.501 V 


....... 
-f-.o 
. 
-;--'-...,.- '-- -1- - -:- - -:- -:- - --- 


Figure 10. Transient 
Measurements 
with VAE Spec VAM 
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Appendix 
A: Test Samples and "Stress" 
Code 


The "stress" 
program 
and may be obtained 
through 
a local Intel Field Sales representative 
or by calling 
Intel Technical 
Support at 1-800-628-8686. 
Intel Field Sales representa-tives 
may obtain the stress program 
from Sales Library Database 
(Technical 
Documents). 


After 
the 
"stress" 
program 
has been obtained 
and installed 
on the C drive, a batch 
file should 
be written 
to run an 
infinite loop. The following 
is an example. The file is called 
STRESS.BAT: 


:Ioop 


STRY4.exe 


echo on 


goto loop 


At the DOS* prompt, type STRESS and take measurements 
as explained 
in Chapter 4.0. 
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Appendix 
B: 
SPICE Models for Transient 
Simulations 


OEMs with modeling capabilities may use a SPICE model to simulate voltage and current transient responses. Circuit 
models and SPICE Files that model the die, package, and sockets of future Pentium processors are being developed. 
These models may be obtained under the terms of a Non-Disclosure Agreement through a local Intel Field Sales 
representative. 
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Appendix 
C: Third Party Components 


The following 
vendors 
offer various 
solutions 
to ensure 
a robust VRE-based 
platform. 
Please 
contact 
the following 
vendors for specifications, 
samples, and design support. 


Vendor 
North America 
Europe 
APAC 
Japan 


Amp 
Larry Freeland 
Rob Rix 
H.ltoh 


Tel: 
(717) 780-6045 
Tel: 
(44) 753-67-6892 
Tel: 
(81) 44-844-8086 


Fax: (717) 780-7027 
Fax: (44) 753-67-6808 
Fax: (81) 44-812-3203 


Linear 
Bob scott 
Fred Killinger 
Dick Collins 


Tech 
Tel: 
(65) 293-5322 
Tel: 
(408) 432-1900 
Tel: 
(49) 89-3197410 


Fax: 
(408) 434-0507 
Fax: (49) 89-3194821 
Fax: (65) 292-0398 


Maxim/ 
David Timm (Maxim) 
Jacob Huang (Ambit) 
David Timm (Maxim) 
Ambit' 


Tel: 
(408) 737-7600 
Tel: 
88635-784975 
Tel: 
(408) 737-7600 


Fax: (408) 737-7194 
Fax: 886-35-775100 
Fax: (408) 737-7194 


Power 
Phil Lulewicz 
Joe Ywli 
Ken Katsumoto 


Trends' 


Tel: 
(81) 3-5367-9000 
Tel: 
(708) 406-0900 
Tel: 
(408) 737-7600 


Fax: (708) 406-0901 
Fax: (408) 737-7194 
Fax: (81) 3-5467-0777 


Semtech' 
Art Fury 
Julian Foster 
Art Fury 


Tel: 
(805) 498-2111 
Tel: 
(44) 592-630350 
Tel: 
(805) 498-2111 


Fax: (805) 498-3804 
Fax: (44) 592-774781 
Fax: (805) 498-3804 


Siliconix 
Howard Ch en 
Eric Williams 
Howard Chen 
Tony Grizelj 


Tel: 
(408) 970-4151 
Tel: 
(44) 344-485757 
Tel: 
(408) 970-4151 
Tel: 
(81) 3-5562-3321 


Fax: (408) 970-3910 
Fax: (44) 344-427371 
Fax: (408) 970-3910 
Fax: (81) 3-5562-3316 


Table 9. Voltage 
Regulator 
Modules 


, DP VRM available 
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Table 10. Socket 7 


Vendor 
North America 
Europe 
APAC 
Japan 


Amp 
Jim Crampton 
Rob Rix 
H.ltoh 


Tel: 
(910) 855-2338 
Tal: 
(44) 753-67-6892 
Tal: 
(81) 44-844-8086 


Fax: (910) 855-2224 
Fax: (44) 753-67-6808 
Fax: 
(81) 44-812-3203 


Appros 
Tony Goulart 
Appros Taiwan 
Inc. 
Appros 
Inc. 


Tal: 
(415) 548-1636 
Tal: 
(886) 2-718-4774 
Tal: 
(03) 3358-4857 


Fax: (415) 548-1124 
Fax: 
(886) 2-718-4344 
Fax: (03) 3358-5734 


Augat 
David M. Barnum 
Arif Shahab 
Atsushi 
Sasaki 


Tal: 
(508) 699-9890 
Tal: 
(44) 952-670-281 
Tal: 
(81) 44-853-5400 


Fax: (508) 695-8111 
Fax: (44) 952-670-342 
Fax: (81) 44-853-1113 


Foxconn 
Julia·Jang 
or Paul Fitting 
Ronny Chiou or Ivan Liaw 


Tal: 
(408) 749-1228 
Tal: 
(886) 2-268-3466 


Fax: (408) 749-1266 
Fax: (886) 2-268-3225 


Yamaichi 
Ann Shapard 
Mr. Matsuda 
Alan Liu 
Mr. Shiwaku 


Tal: 
(408) 456-0797 
Tal: 
(49) 89-451021-43 
Tal: 
(886) 02-546-0507 
Tal: 
(81) 3-3778-6161 


Fax: (408) 456-0779 
Fax: (49) 89-451021-10 
Fax: (886) 02-546-0509 
Fax: (81) 3-3778-6181 
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Vendor 
Part No. 
Type 
North 
America 
APAC 


Singapore 
Dennis Lieberman 
Steve Chan 
AVX 
1206YZ105KAT1A 
11lF,X7S 
Tel: 
(803) 946-0616 
Tel: 
(65) 258-2833 


Fax: (803) 448-2606 
Fax: (65) 258-8221 


Korea 
TPSD107K010R0100 
100llF, Tantalum 
K.J. Kim 
Tel: 
(82) 2-785-6504 


Fax: (82) 2-784-5411 


Taiwan 
Nanco Electronics 
Johanson 
Sales Department 
Bill Yu 
Dielectrics 
Tel: 
(818) 364-9800 
Tel: 
(886) 2-758-4650 
160R18W105K4 
11lF,X7R 
Fax: (818) 364-6100 
Fax: (886) 2-729-4209 


Hong Kong 
TeJ: (852) 765-3029 
Fax: (852) 330-2560 


KEMET 
Richey-Cypres~ 
Internation 
Accounts 
Eloctronics 
T495X107K010AS 
100llF, Tantalum 
Electronics 
Warren 
Marshall 
Tel: 
(408) 956-8010 
Tel: 
(800) 421-7258 


Fax: (408) 956-8245 
Fax: (714) 895-0060 
Taiwan 
Tel: 
(886) 2-562-4218 
Fax: (886) 2-536-6721 


Mu rata 
Sales Department 


Electronics 
Tel: 
(404) 436-1300 
Hong Kong 
GRM40X7R105J016 
11lF,X7R 
Fax: (404) 436-3030 
Tel: 
(852) 782-2618 


Fax: (852) 782-1545 


Korea 
Tel: 
(82) 2-730-7605 


Fax: (82) 2-739-5483 


Korea 
Tel: 
(82) 2-554-6633 


Fax: (82) 2-712-6631 
TDK 


Sales Department 
Taiwan 
CC1206HX7R105K 
1 IlF, X7RIX7S 
Tel: 
(708) 803-6100 
Tel: 
(886) 2-712-5090 


Fax: (708) 803-6296 
Fax: (886) 2-712-3090 
Hong Kong 
Tel: 
(852) 736-2238 


Fax: (852) 736-2108 


Table 
11 
Oecoupllng 
Capacitors 


Vendor 
North 
America 
Europe 
APAC 
I 
Japan 


Amp 
Larry Freeland 
Rob Rix 
H. Itoh 


Table 
12. 
Header 
7 
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Tal: 
(717) 780-6045 
Tal: 
(44) 753-67-6892 
Tal: 
(81) 44-844-8086 


Fax: 
(717) 780-7027 
Fax: 
(44) 753-67-6808 
Fax: 
(81) 44-812-3203 


Foxeonn 
Julia Jang or Paul Fitting 
Ronny Chiou or Ivan Liaw 


Tal: 
(408) 749-1228 
Tal: 
(886) 2-268-3466 


Fax: 
(408) 749-1266 
Fax: 
(886) 2-268-3225 


Vendor 
North 
America 
Europe 
APAC 
Japan 


Amp 
Larry Fraaland 
Rob Rix 
H.ltoh 


Tal: 
(717) 780-6045 
Tal: 
(44) 753-67-6892 
Tal: 
(81) 44-844-8086 


Fax: 
(717) 780-7027 
Fax: 
(44) 753-67-6808 
Fax: 
(81) 44-812-3203 


Fo)(conn 
Julia Jang or Paul Fitting 
Ronny Chiou or Ivan Liaw 


Tal: 
(408) 749-1228 
Tal: 
(886) 2-268-3466 


Fax: 
(408) 749-1266 
Fax: .(886) 2-268-3225 


Mol'3X 
Michaal Gits 
(Molax) 
(Molax) 
(Molax) 


Tal: 
(708) 527-4801 
Tal: 
(49) 89-413092-0 
Tal: 
(65) 268-6868 
Tal: 
(81) 427-21-5539 


Fax: (708) 969-1352 
Fax: (49) 89-401527 
Fax: (65) 265-6044 
Fax: (81) 427-21-5562 


Table 13. Shortlng 
Blocks 
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Table 14 
Resistors 


Vendor 
Size 
Type 
Accuracy! 
Value 
Contact 


Beckman 
0805 
thin 
0.1%, 10K-100K 
ohms 
Cathy Whittaker 


Industrial 
thick 
1-5%, 10-1M ohms 
(214) 392-7616 


0603 
thick 
1-5%,10-1 
M ohms 


Dale Electronic 
0603 
thin 
0.5%, 10-100K ohms 
Gary Bruns 


thick 
1%,2%, 
10-1 M ohms 
(402) 371-0080 


0805 
thin 
0.1%, 100-100K 
ohms 


Koa Spear 
0805 
thin 
0.1%, 100-100K 
ohms 
T. Yogi 


thick 
0.5-5%, 
10-1 M ohms 
(814) 362-5536 


Thin Film Technology 
1206 
thin 
0.1 %, 100-250K ohms 
Thin Film TECH. 
(607) 625 8445 


Regional 
Sales Managers 


0.5%, 10-250K ohms 
Patrick J Lyons ext. 14 


All states W. of Mississippi 
except Texas 
and S. California 


0805 
thin 
0.1%, 100-100K 
ohms 
, 


0.5%, 10-1 M ohms 
Mark Porisch ext. 12 


Southern 
U.S. E. of Mississippi 
including 
Texas 


0603 
thin 
0.1 %, 100-33K ohms 


0.5%, 10-330K ohms 
Tim Goertzen 
ext. 13 


Northen 
U.S. E. of Mississippi 
& Canada 


0402 
thin 
0.5%, 10-100K ohms 


Mike Smith (310) 768-8923 


Southern 
California 
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1.,0. 
INTRODUCTION 


As the mobile 
market 
segment 
has closed 
the gap to 
desktop 
performance 
with 
equivalent 
notebook 
pe rfonnance, 
the 
challenges 
to the 
system 
designer 
ha ve 
increased 
tremendously. 
As 
the 
performance 
requirements 
have 
increased, 
so 
have 
the 
power 
consumption 
requirements. 
This results in the need for 
careful 
attention 
to 
thermal 
design 
to 
mitigate 
the 
potentially 
higher 
temperature 
within 
the 
system, 
to 
po ver supply 
designs 
which 
can 
supply 
the 
higher 


current 
needs, 
and to good 
power 
management 
design 


to extend battery 
life to an acceptable 
level. The focus 


of 
this application 
note 
is the 
power 
supply 
design 


considerations. 


With 
the 
addition 
of 
the 
Pentium@ 
processor 
with 
Voltage 
Reduction 
Technology 
to 
the 
processor 


roadrnap, 
Intel is able to offer the higher 
performance 
level of a 90-MHz 
Pentium 
processor 
at a lower power 


consumption 
level 
than 
the 
Pentium 
processor 


610\75 MHz. 
This 
allows 
the 
Pentium 
processor 
notebook 
designs 
to migrate 
to a higher 
performance 


Pentium 
processor 
without 
requiring 
major 
changes 
to 


existing 
designs. 
This' allows 
the Pentium 
processor 
to 
migrate 
into 
the subnotebook 
market, 
which 
requires 
lower 
power 
consumption 
processors 
as 
well. 
The 
Pentium 
processor 
with Voltage 
Reduction 
Technology 


achieves 
lower 
processor 
power 
consumption 
by 
lowe ing 
the 
core 
voltage 
required 
by the 
processor 
while 
maintaining 
compatibility 
to existing 
I/O 
and 
memory 
through 
a separate 
3.3 volt supply. 
The major 
advantage 
provided 
by 
this 
splitting' 
of 
processor 


voltage 
requirements 
is that existing 
Pentium 
processor 
thermal 
designs 
will 
accept 
the 
higher 
performance 
while requiring minimal or no thermal changes. 


The notebook 
design 
areas affected 
by the splitting 
of 
processor 
voltages 
are in the design 
of power supplies, 
the layout of printed 
circuit boards and the type, quality 
and quantity 
of capacitive 
decoupling 
provided 
at the 
processor. 
This application 
note will discuss these areas 
and make 
recommendations 
to allow 
the designer 
to 
minimize 
the 
changes 
to existing 
designs. 
This 
note 
does 
1I0t address 
platform 
issues 
such 
as 
chip 
set 
support, 
graphics 
controllers 
and 
memory 
improvements 
needed 
to support the faster 60-MHz 
bus 
of the Pentium processor 
90\60 MHz. 


This application 
note 
was 
written 
for mobile 
system 
designers 
planning 
to migrate 
from Pentium 
processor 
610\75 
MHz 
designs 
to the 
Pentium 
processor 
with 
Voltage 
Reduction 
Technology 
designs. 
It is assumed 
that the reader 
is familiar 
with the documents 
listed in 
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the reference 
section. 
It is highly 
recommended 
that 
these 
be 
read 
and 
understood 
before 
using 
the 


information 
in this 
note 
since 
this 
application 
note 


builds 
on 
the 
foundation 
created 
by 
these 
reports. 
Section 
2 defines 
the differences 
between 
the Pentium 
processor 
610\75 
MHz 
and 
Pentium 
processor 
with 
Voltage Reduction 
Technology 
and outlines the areas to 


be aware 
of while 
designing 
a system 
for a Pentium 
processor 
with 
Voltage 
Reduction 
Technology. 


Section 3 discusses 
power supply design considerations 


resulting 
from split voltage 
requirements 
between 
the 


core and I/O logic. Section 4 discusses 
the power plane 
design 
considerations 
associated 
with 
printed 
circuit 


board 
development 
for 
the 
Pentium 
processor 
with 
Voltage 
Reduction 
Technology. 
Section 
5 discusses 
the 


requirements 
for bulk and high frequency 
decoupling 
at 
the processor 
for both the core and I/O logic. Section 
6 
summarizes 
the results 
of empirical 
measurements 
of 
Vcc 
tolerance 
using 
the 
capacitance 
values 


recommended 
in section 5.0. 


Note 


The 
data 
presented 
in 
this 
application 
note 


reflects 
studies 
on 
a 
selected 
system. 
It 
is 


recommended 
that the following 
information 
be 


used as a starting point for designing 
a Pentium 
processor 
with Voltage 
Reduction 
Technology 
system 
and 
that 
measurements 
be 
made 
on 
individual 
systems to ensure a robust design. 


2.0. 
DIFFERENCES 
BETWEEN 
PENTIUM® PROCESSOR 
610\75 MHZ AND PENTIUM® 
PROCESSOR 
WITH VOLTAGE 
REDUCTION 
TECHNOLOGY 


The 
architecture 
and internal 
features 
of the Pentium 
processor 
with 
Voltage 
Reduction 
Technology 
are 
identical 
to the Pentium processor 
610\75 MHz, thereby 
maintaining 
hardware 
and software 
compatibility. 
The 
Pentium 
processor 
with Voltage 
Reduction 
Technology 
is offered in two versions, 
75\50 and 90\60 MHz where 
the Pentium 
processor 
610\75 
MHz was only available 
in 75\50 
MHz 
version. 
The 
Pentium 
processor 
with 
Voltage 
Reduction 
Technology 
will 
use 
the 
same 
packaging, 
Tape Carrier 
Package 
(TCP), 
used 
for the 
Pentium 
processor 
610\75 
MHz as well as the SPGA 
package. 
Experience 
gained 
in the manufacture 
of the 
Pentium 
processor 
610\75 
MHz TCP 
designs 
can be 
applied to a Pentium 
processor 
with Voltage 
Reduction 
Technology 
design. 
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The 
Pentium 
processor 
with 
Voltage 
Reduction 


Technology lowers processor power requirements by 
lowering the voltage required by the core logic of the 
processor. This results in an approximately 20 percent 
savings 
in 
power 
over 
the 
Pentium 
processor 


610\75 MHz at the same frequency. The Pentium 
processor with Voltage Reduction Technology also 
separates the voltage required (Vcc) for core functions 
(2.9 volts) and that required for 1/0 functions (3.3 
volts). The Pentium processor with Voltage Reduction 
Technology 
maintains the same Vcc tolerance 
as 


required on the Pentium processor 610\75 MHz for both 
the core Vcc as well as I/O Vcc. 


The separation of the processor voltages puts new 
requirements on the power supply design, layout of 
PCBs and decoupling requirements at the processor. 
These areas will be covered in the next sections. 


As processors migrate to lower and lower core voltages. 
it is important that power supply designs take into 
account this trend and provide flexibility in design to 
handle 
these 
future voltages. 
This 
will minimize 


changes required in the future. 


3.0. 
POWER SUPPLY 
DESIGN 
CONSIDERATIONS 


With the separation of Vcc between the processor core 
10gic and I/O logic. an additional voltage regulator is 


intel~ 


required to supply the 2.9 volts required by the core. 
The load handling capability of this regulator will 
support the majority of the processor requirements 
(approximately 90 percent of total current) while the 
processor load handling requirement on the 3.3 volt 
regulator drops to approximately 10 percent of the total 
processor current requirement. 


The 
designer 
can 
choose 
between 
two 
types 
of 


regulators to implement the required core voltage. 
Section 3.2 discusses the use of commonly available 
switching and linear regulators from Linear Technology 
Corporation and Maxim Integrated Products to supply 
this voltage. Regulators from other power 
supply 
vendors are also available. 


3.1. 
Power Supply Current 
Requirements 


The power supply current specifications are shown in 
the table below. This value should be used for power 
supply design. It was determined using a worst-case 
instruction mix and Vcc + 165 mY. Power supply 
transient response and decoupling capacitors must be 
sufficient to handle the instantaneous current charges 
occurring during transitions from stop clock to full 
active modes. 


Table 1. Pentiun18>Processor with Voltage Reduction Technology 
Maximum Power Supply Current Specs 


Pentiurn® Processor 
Pentium Processor 
75MHz 
90MHz 


2.9 Volt Max lce2 
2096 mA 
2515 mA 


3.3 Volt Max lce3 
265mA 
318 mA 
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3.2. 
Voltage 
Regulator 
Options 


To supply 
the additional 
voltage 
required 
for the core, 
designers 
have a choice 
of adding 
a linear or switching 


regulator 
to their design 
and regulating 
down 
from the 
battery 
output 
voltage. 
These 
two 
power 
supply 
regulators 
yield 
different 
ranges 
of efficiency. 
A linear 


regulator 
is much 
like 
a voltage 
divider 
which 
steps 
down the input voltage 
to a specified 
output 
level (e.g., 


from 
12V or 5V 
to 2.9V). 
The 
maximum 
efficiency 


offered by a 5V to 2.9V linear regulator 
is 58 percent, 
as 
shown by the following 
equation: 


Your 
Efficiency = -- 
x 100 
Vin 


2.9V 
=--x100 
5.0V 


= 58 % 


In this case, 
the remaining 
'42 percent 
is dissipated 
as 
heat. 
A 
switching 
regulator, 
however, 
generates 
an 


output 
voltage 
by pulsing 
the input 
voltage 
through 
a 


MOSFET 
switch 
and 
an inductor. 
Since 
there 
are 
no 


voltage 
divider-type 
losses as in a linear regulator 
and the 


AC 
switching 
losses 
are 
small, 
there 
is 
much 
less 
dissipated 
heat. Switching 
regulators 
commonly 
offer up 


to 
95 
percent 
efficiency. 
For 
this 
reason, 
it 
is 


recommended 
that 
a switching 
regulator 
be 
used 
to 
generate the 2.9 volt requirement 
of the core. 


There 
are 
trade-offs 
for 
the 
increased 
efficiency. 


Switching 
regulators 
have a larger component 
count than 
linear 
regulators 
and also a higher 
cost. 
However, 
the 
efficiency 
of the switching 
regulator 
with its minimum 
power 
loss 
makes 
it 
more 
ideal 
for 
the 
mobile 


application. 


A 
switching 
regulator 
and 
associated 
support 
components 
require 
approximately 
1.5 square 
inches 
of 
board 
space 
to 
implement. 
The 
maximum 
current 


supplied 
by any design 
will depend 
on the supporting 


components 
used 
in the 
design. 
Most 
manufacturers 


supply a reference 
design to make the design 
process 
as 
easy as possible. 


In providing 
the voltage 
source 
for the processor 
core, 


the 
power 
supply 
should 
be designed 
to provide 
this 


output by adding 
an additional 
regulator 
in parallel 
with 
the existing 
3.3 volt source 
as indicated 
in Figure 
la. 
This will ensure the 2.9 volt regulator 
will not be affected 
by 
any 
inefficiencies 
in 
a previous 
regulation 
stage. 


Figure 
Ib is an example 
of an inefficient 
design 
since a 


cumulative 
effect 
results 
from 
the 
inefficiency 
of the 


3.3 volt 
source 
being 
supplied 
to 
the 
input 
of 
the 


2.9 volt regulator. 


3.3V I 


system 
IC 
P U 


T 


1a. 
Regulators 
In 
Parallel 
Good 
Design 
1 


~ 
~ 
2.9V 


~TOCPU 


3.3 
V 


Tosystem/CPU 


1b. 
Regulators 
In 
Series 
Inefficient 
Design 


Figure 1. Examples of 2.9 and 3.3 Volt Regulators Connected in Parallel and in Series 
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Linear 
Technology 
Corporation 
and 
Maxim 
Integrated 
Products 
offer switching 
regulators 
that can be designed 


into power 
supplies 
meeting 
the maximum 
current 
and 
Vcc 
tolerance 
specifications 
of 
a 
Pentium 
processor 
mobile system (see Appendix 
C for vendor information). 
Other 
solutions 
may 
also be available 
from 
additional 
power supply vendors. 


4.0. 
PCB LAYOUT 
CONSIDERATIONS 


In most 
Pentium 
processor 
system 
board 
designs, 
the 
3.3 volts 
for 
the 
processor 
is 
supplied 
on 
the 
board 
through 
a dedicated 
layer. 
With 
the requirement 
for a 


new 2.9 volt supply for the processor, 
it is not necessary 


to add a completely 
new power supply layer to the circuit 
board. 
It is possible 
to create 
a 2.9 volt "island" 
around 


the processor 
in the existing 
3.3 volt power 
plane. 
The 


"island" 
needs 
to 
be 
large 
enough 
to 
include 
the 


processor, 
the 
required 
power 
supply 
decoupling 


capacitance 
(see 
section 
5.0), 
and 
the 
necessary 


connections 
to the 2.9 volt source. 
The 
power 
supply 


regulator should be physically 
close to the processor. 


Figure 
2 is an example 
of a TCP 
power 
plane 
which 


contains 
several 
power 
islands. 
A large 
core 
voltage 


island 
surrounds 
the TCP package 
completely 
on three 
sides 
and 
partially 
on a fourth. 
The 
remainder 
of the 


fourth 
side 
provides 
access 
to 
110 
voltage 
pins 
for 
creating 
an 110 voltage island. Similar techniques 
can be 


used on SPGA packages as well. 


The 
2.9 
volt 
voltage 
source, 
along 
with 
the 
desired 
amount 
of bulk and high frequency 
capacitance, 
should 


be located 
close to the processor 
to minimize 
inductance 


due to trace length. Trace widths should be kept as wide 
as possible 
to provide 
maximum 
current 
capability 
with 
minimal inductance. 


Figure 2. TCP Power Plane with Power Islands for Core and I/OVee 
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5.0. 
PROCESSOR 
CAPACITIVE 
DECOUPLlNG 


Processor 
power supply decoupling 
is critical for reliable 
operation. 
There are two areas that the designer 
needs to 
address: 
high frequency 
decoupling 
resulting 
from small 


current 
changes 
in very fast transition 
periods 
(1-10 nS) 
and 
lower 
frequency 
decoupling 
resulting 
from 
large 
current changes in fast transition 
periods (50-300 nS). 


The 
Pentiume 
Processor 
610175 
MHz 
Power 
Supply 
Considerations 
for 
MobiLe 
Systems 
application 
note 
indicates 
that 
the 
processor 
experiences 
rapid 
current 


changes 
transitioning 
between 
active 
operation 
and low 


power operation 
(Auto Halt Powerdown 
mode or STOP 


Grant state). These transitions 
occur in less than 
100 nS 


with as much 
as 2.0 A in current 
change. 
Even 
during 


active 
operation, 
large current 
changes 
can occur 
from 


clock cycle to clock cycle, depending 
on the instruction 


mix 
of 
the 
application 
being 
executed. 
These 
rapid 


current 
changes 
result in large load changes 
to the power 


supply. When such load transients 
occur, current 
must be 


supplied 
from the power 
supply 
decoupling 
capacitors, 
since the power supply cannot 
change 
its output 
current 


instantly. 
Negative 
transients 
(voltage 
droop) occur when 


current 
load increases, 
while positive 
transients 
(voltage 


surges) occur when load current decreases. 


The response 
time of a switching 
regulator 
power supply 


to a large transient 
current 
is limited by the value of the 


energy 
storing 
inductor, 
and is typically 
on the order of 


10 uS or less. 
Adequate 
bulk 
capacitance, 
located 
as 


close as possible 
to the processor, 
is needed 
to provide 


current until the power supply can respond 
to the change 
in load. Capacitors 
with low ESR 
and ESL values 
are 


required 
to keep the processor 
supply 
voltage 
within the 


Vcc tolerance 
spec. Suggestions 
for the type and quantity 


of bulk decoupling 
capacitors 
to be used are provided 
in 
Section 
5.1. The voltage 
transients 
caused 
by the rapid 


transitions 
between 
active 
and 
low 
power 
modes 
are 
additive 
to any 
DC voltage 
drops 
between 
the power 
supply 
regulator 
and 
the processor. 
Minimizing 
board 


level 
DC 
drops 
provides 
more 
margin 
for 
transient 


effects. 
This can be accomplished 
by using 
short, 
wide 


power traces to minimize resistance 
and inductance. 


Due to the high internal speed of the processor 
and rapid 


transitions 
on 
the 
external 
bus, 
high 
frequency 


decoupling 
is also required. 
High 
frequency 
capacitors 


connected 
between the power and ground 
planes near the 


processor 
are 
required 
to filter 
these 
high 
frequency 


components 
of 
noise. 
Section 
5.2 
provides 


recommendations 
for 
the 
type 
and 
quantity 
of 
high 
frequency 
decoupling 
capacitors 
to be used. 


5.1. 
Bulk Decoupling 


As 
pointed 
out 
in 
Section 
5.0, 
bulk 
decoupling 
is 


required 
with the Pentium 
processor, 
since the processor 


switches 
between 
normal 
and 
low 
power 
states 
very 
quickly, 
causing 
large 
instantaneous 
current 
changes. 


The resulting power supply voltage transient 
is illustrated 
in Figure 3. 


.,.' 
••• _/ 
•••..M. 


1iI 
'Slale.. 
S1m 


Figure 3. Example 
of Power Supply 
Voltage 
Transient 
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The voltage 
initially drops as the current 
encounters 
the 
decoupling 
capacitor's 
equivalent 
series resistance 
(ESR) 


and 
further 
undershoots 
by 
a 
voltage 
equal 
to 
the 


decoupling 
capacitor's 
equivalent 
series 
inductance 


(ESL) times the rate of change 
of current (dildt). Then as 
the decoupling 
capacitor 
discharges, 
the power 
supply 


voltage 
droops 
until 
the power 
supply 
regulator 
reacts 


and is able to supply the full processor 
current. Since the 


processor 
is 
now 
active, 
high 
frequency 
noise 
also 
appears 
on the waveform. 
The system then settles to the 


initial voltage regulator 
setting, offset by any DC voltage 


drop. The total voltage 
dip must not exceed 
the voltage 


tolerance spec. 


Part of the voltage 
tolerance 
specification 
is consumed 
by regulator 
tolerance 
<±2 percent), 
high frequency 
noise 
and any board level DC drops. The remaining 
amount 
is 


available 
to 
handle 
the 
processor 
active/low 
power 


transitions. 
Allocating 
about 
112 of this amount 
for the 
ESR drop and the other 
112 for the ESL undershoot 
and 


capacitive 
droop results in reasonable 
required 
values of 
ESR and ESL. If we allow too much 
for ESR, then the 
budget for ESL becomes prohibitive. 


The 
following 
examples 
show 
how 
to determine 
the 
required 
component 
values, using a 60/40 ratio for ESR 


to capacitive 
droop. 
The 
solution 
can be fine-tuned 
to 
meet design requirements 
by adjusting 
the ratio between 


ESR and capacitive 
droop. 


Core Supply 
Example 


Power source: 
Lithium ion battery, 5.5 volts. 


Switching 
regulator: 
300 KHz, Vin = 5.5 volts, 
Vout = 2.9 volts, 
buck inductor L = 7.5 uH 


~I 
(Max active lee - Stop Grant lee"> 
for core Ycc pins 


1.95 amps Pentium processor 
90 MHz with 


Voltage Reduction 
Technology 


1.78 amps Pentium 
Processor 75 MHz with 
Voltage Reduction 
Technology 


~T 
= 
Regulator response time (~I = 1.95 amps, 
L = 7.5 uH) = 7 uS 
~V = 
Voltage budget for ~I 


Ycc tolerance 
specification 
(165 mV)- 


Regulator tolerance 
(2 percent) - high frequency 


noise (20 mY)· 


165 mV - 2.9V x (0.02) - 20 mV = 87 mV 


~ VESR + ~V CAPOROOP 


• Adequately 
decoupled 
high frequency 
noise measures 


about 40 mV peak-to-peak. 


Assume that the board DC drop is negligible. 


Maximum 
allowable 
ESR: 


ESR""" = ~ V ESR 
/ M 


Bulk decoupling 
can be calculated 
as: 


CMIN = (~I 
x 
~ T) / sVCAPOROOP 


Allocating 
60 percent 
of ~ V for ESR effects 
(~V &<;R = 
(0.6) 
x 87 mV, ~ V CAmROOP 
= (0.4) 
x 
87 mY) gives 
the 
following 
results: 


ESRMAX 
= 0.027 ohm 


CM'N = 392 !IF 


Note the low ESR 
value 
required 
for this 
application. 


This will require multiple 
low ESR capacitors 
in parallel 
to achieve 
this 
value. 
In this example, 
4 x 
100 
!IF 
/ 
0.1 ohm ESR capacitors 
will satisfy both maximum 
ESR 
and minimum 
bulk decoupling 
requirements. 
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This has now ensured 
that the maximum 
power 
supply 


voltage 
droop 
will 
not 
exceed 
the 
processor 
voltage 


tolerance 
specification 
for transitions 
between 
active and 


Stop Grant states. An additional 
factor that must also be 
comprehended 
is the inductive 
undershoot 
resulting 
from 


the rapid 
rate of current 
change 
times 
the ESL 
of the 


decoupling 
capacitors. 
As the processor 
resumes 
activity, 


there are many 
large, instantaneous 
demands 
for power 


supply 
current 
as 
the 
various 
internal 
circuits 
start 


switching. 
There 
is a need 
to ensure 
that the resulting 


change 
in power 
supply 
voltage 
remains 
within 
limits. 
Since this inductive 
voltage effect is additive 
to the ESR 


drop, 
its magnitude 
must be less than 
or equal 
to the 


capacitive 
droop. 


Maximum 
allowable 
ESL: 


ESL..,x = (t.V f5L x t.T) I t.1 


where 
t.Vest, 
= voltage drop across the capacitor due to 


parasitic inductance 
M 
= current change within a specified 
t.T 


t.T 
= period in which current changes 


A current 
slew rate of 40 mA I nS will be used for this 


calculation. 
With 40 percent of the previously 
calculated 


87 mV budget as the maximum 
allowed value for t.V, an 


overall ESL of less than or equal to 0.87 nH is needed. 


ESL..AX= (0.4) x 87 mV I (40 mA InS) 
= 0.87 nH 


Surface 
mount 
capacitors 
with 
short 
lead 
lengths 
are 


available 
with 
an 
ESL 
value 
of 
2 
nH. 
Since 
four 


capacitors 
in parallel 
are needed 
to achieve 
the required 


overall ESR value, using these 2 nH ESL capacitors 
will 


result in an overall 
value of 0.5 nH, and will meet the 


overall 
requirement 
with 
margin 
left 
over 
for 
any 


additional 
inductance 
due to board traces. 


110 Supply 
Example 


Switching 
regulator: 
300 KHz, Vin = 5.5 volts, 
Vout = 3.3 volts, 
buck inductor L = 7.5 uH 


t.I 
10supply current 


318 mA Pentium processor 
90 MHz with 
Voltage Reduction 
Technology 
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265 mA Pentium Processor 
75 MHz with 


Voltage Reduction 
Technology 


t.T = 
Regulator 
response time 
(t.I= 318 mA, L = 7.5 uH) = 3.0 uS 
t.V = 
Voltage budget for t.I 


Vcc tolerance 
specification 
(165 mV) - 


Regulator 
tolerance 
(2 percent) - 


high frequency 
noise (20 mV) I 


165 mV - 3.3V x (0.02) -20 mV = 79 mV 
t.V [sR + t.V CAPDROO' 


I High frequency 
noise (about 40 mV peak-to-peak) 
from 


other 
devices 
on the 3.3 volt supply. 
Assume 
that the 


board DC drop is negligible. 


Note: 


This calculation 
is for the Pentium 
processor 
VO 
supply 
bulk decoupling 
only. 
Other 
high power 


components, 
including 
the L2 cache, may require 


additional 
bulk 
decoupling 
to 
meet 
voltage 


tolerance 
specs for transitions 
between 
active and 


Stop Grant states. 


Maximum 
allowable 
ESR: 


ES R"AX= t.V ESR I t.1 


Minimum bulk decoupling: 


CM" = (t.! x t.nIt. V CAPOROOP 


Allocating 
60 percent 
of t.V for ESR effects 
(t.V £SR = 
(0.6) x 79 mV, t.V CAPDROOP = (0.4) x 79 mY) gives 
the 
following results: 


ESR"AX= 0.150 ohm 


Again, please note the significance 
of low ESR. Use a 33 


!1F 10.15 ohm ESR capacitor. 


The current 
transients 
associated 
with VO pin switching 
are small relative 
to the processor 
core and also much 
faster. 
Small, 
high 
frequency 
capacitors 
are needed 
to 
handle 
these 
current 
demands. 
The 
bulk 
decoupling 
capacitor 
is less important 
in this respect, 
and so there is 


no specific 
calculation 
of required 
ESL. Regardless, 
low 


ESL (short lead, surface 
mount, 
ESL = 2 nH) capacitors 


are recommended 
for VO supply bulk decoupling. 
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Table 2. Pentiu~ 
Processor 
with Voltage 
Reduction 
Technology 
Bulk 
Decoupling 
Estimates 
(300-KHz Regulator) 


Pentlum® Processor 
Pentlum 
Processor 
75 MHz 
90MHz 


2.9 Volt Core Decoupling 
4x 100 IJF 10.1 ohm 
4x 100 IJF 10.1 ohm 
ESR/2 
nH ESL 
ESR 12 nH ESL 


3.3 Volt I/O Decoupling 
33IJF / 0.15 ohm 
331JF/O.150hm 
ESR/2 
nH ESL 
ESR 12 nH ESL 


5.2. 
High Frequency 
Decoupling 


High 
frequency 
decoupling 
is also critical 
for reliable 
operation. 
High 
frequency 
transients 
can be minimized 


by 
the 
use 
of 
multiple 
1.0 IlF and 
0.01 
IIF bypass 
capacitors. 
Ceramic 
high frequency 
capacitors 
have 
the 


best high frequency 
performance 
and should be placed as 
close as possible 
to the processor 
between 
the processor 


power 
and ground 
pins. 
As a first approximation 
it is 
recommended 
that in a Pentium 
processor 
with voltage 
reduction 
technology 
design, 
the 
number 
of 
high 


frequency 
capacitors 
to be used should 
be equivalent 
to 


the number 
of capacitors 
used 
in a Pentium 
processor 


610\75 
MHz 
design. 
These 
capacitors 
should 
be split 


between the core Vcc and JlO Vcc- 


In the testing to be described 
in the next section, 
it was 
found that using eight ceramic capacitors 
on the core Vcc 


and 
eight 
ceramic 
capacitors 
on 
the 
JlO 
provided 


adequate 
high 
frequency 
decoupling 
to maintain 
Vcc 
tolerance 
limits .: 


6.0. 
EXPERIMENTAL 
VERIFICATION 
OF CAPACITANCE 
ESTIMATES 


A 90-MHz 
Pentium 
processor 
was used 
to verify 
the 


performance 
of 
the 
processor 
bulk 
capacitance 


recommendations. 
The 2.9V to the core was supplied 
by 
a 
300-KHz 
switching 
regulator, 
and 
the 
3.3V 
was 


supplied 
to 
the 
JlO 
by 
another 
300-KHz 
switching 


regulator. 


The method 
of measuring 
worst-case 
transients 
used for 


the experiments 
required 
the assertion 
of the STPCLK# 


input pin. Mobile chip sets provide support for STPCLK# 
control 
through 
programming 
a register 
which 
toggles 


STPCLK#. 
Oscilloscope 
probes 
were 
connected 
to 


STPCLK#, 
Vcc2 
(core 
Vcc), 
Vcc3 
(JlO 
Vcc) 
and 


STPCLK# 
was used as the trigger source. 


Since the STPCLK# 
pin is toggled 
through 
the chip set 
hardware 
or 
by 
using 
a 
pulse 
generator 
connected 
to 
processor 
STPCLK# 
pin, 


additional 
software 
can 
be executed 
by the 


processor 
to produce 
high 
load 
conditions. 


DOS Edit with menu pulldown 
is an example 


of code which causes steady state high power 
consumption 
by the processor 
(about 
5.1 W 


for the Pentium processor 
90 MHz, depending 


on the system 
configuration). 
DOS Edit was 


used 
for these 
experiments. 
A high-power, 


FPU-intensive 
code loop can also be acquired 


from 
Intel 
(contact 
your 
local 
Intel 
sales 


representative) 
which 
will 
provide 
similar 


results. 
It should 
be noted 
that in making 
a 


measurement, 
sufficient 
time 
should 
be 


allowed 
to elapse 
before 
the power 
state 
is 


toggled. 
For example, 
a 300-KHz 
'switching 


regulator 
typically 
takes about 7 us to respond 


to a load change. 
If the power state is toggled 


before 
7 us, 
the 
overall 
response 
of 
the 


regulator 
cannot be viewed since the regulator 


has not had adequate time to respond. 


The 
following 
discussions 
cover 
three 
different 
configurations 
of 
decoupling/filtering 
capacitance 
applied around the core and I/O Ycc pins of the Pentiuni 
processor 
on the daughter 
card. The first of these traces 
(Figure 
4 
below) 
illustrates' 
the 
results 
from 
the 


recommended 
capacitance 
configuration 
and shows 
the 


overall 
pattern 
of 
STPCLK# 
used 
to 
drive 
the 


experiments. 


The middle 
signal 
in Figure 
4 is the JlO Vcc and the 


upper signal is the core Ycc- Note that the core voltage 
increases 
by 80 mV to 90 mV in the STPCLK# 
active 


(low) region, since the current 
drawn is greatly 
reduced, 


and thus so are the voltage drops along the power buses. 
(In our experimental 
setup, we had greater 
resistance 
in 


the 
power 
busses 
than 
recommended 
for 
production 


systems, 
and thus larger 
DC offsets 
between 
the power 


states.) Also as expected, 
the noise level on the Vcc pins 


is reduced 
in the STPCLK# 
active region, 
especially 
for 


the core Vcc, since the core activity 
is essentially 
turned 


off 
and 
most 
of the 
noise 
on 
the 
core 
Vcc 
pins 
is 


generated 
inside the processor 
itself. 
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Figure 4. Example 
of Adequate 
Bulk Oecoupling 
Capacitance 
for Core and 
High Frequency 
Capacitance 


Using the recommended 
capacitance: 


Bulk capacitors: 
core: 4 - 100~, 
110: 1- 47 ~ 


High frequency 
capacitor: 
core: 6 - 0.1 IlF, 2 - 0.01 IlF, 
110: 2 - 0.1 ~,6 
- 0,01 ~ 


The 
example 
system 
always 
operates 
within 
'Vcc, 


specifications 
and 
always 
works 
reliably, 
The 
largest 


variation 
from core Vcc minimum 
to maximum 
(peak-to- 


peak variation, 
including 
the DC offset) is about 150 mV 


peak-to-peak, 
which is well within the 214 mV tolerance 


(core 
Vcc 
tolerance 
- core 
regulator 
tolerance), 
The 


largest 
peak-to-peak 
variation 
in 
the 
110 
Vcc 
is 


1998 Peiltiurrf!P Processor 
Databook 


about 
50 mV, 
which 
is also 
well 
within 
the 
198 
mV 


tolerance 
(110 Vcc tolerance 
- 110 regulator 
tolerance). 


(Note that in a production 
model, more guardband 
would 
be 
obtained 
by 
reducing 
the 
DC 
offset 
between 
the 


power states.) 


Figures 5 and 6 illustrate the transition 
into and out of the 


Stop Grant 
state with a finer time resolution, 
The time 


scale 
of 
200 
ns 
will 
allow 
viewing 
undershoot 
and 


overshoot 
if they occur. The pictures 
show that using the 


recommended 
capacitive 
decoupiing, 
there 
is 
no 
significant 
Vcc overshoot 
when STPCLK# 
is asserted 
or 
undershoot 
when it is deasserted. 
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Figure 5. Example 
of Adequate 
Bulk Decoupllng 
Capacitance 
for Core and 
VO Vcc Entering 
Stop Grant 


l.~ 


'. 


Figure 6. Example 
of Adequate 
Bulk Decoupllng 
Capacitance 
for Core and VOVcc Exiting Stop Grant 


2-330 
1998 PentiunP 
Processor 
Databook 


intel~ 


AP-519 / Pentiurn@ Processor 
with Voltage Reduction 
Technology 


3. ev 
, 
, 
1 
-~-"'-T 
I 


-. 
1 


COREVtC 


l00ttV 
idlY 


I 


, 
.".. 
tI'lg'd 
'~;~L.:) 
l 
I 
, 
2. ~_ 
t!. 
----'- 
• 
• 
'20na/d1V 
cm 
-Zlmn. 
174. .oi,.. 


255805 


Figure 7. Example 
of No Bulk Oecoupllng 
Capacitance 
for Core and VOVcc Exiting 
Stop Grant 


Using only high frequency 
filter capacitors: 


Bulk Capacitors: 
0; Standard high frequency 
filter 


Capacitors 


Frequent 
large violations 
of specifications 
were observed 


on both 
I/O 
and 
core 
Vccs. 
Figure 
7 shows 
sizable 


ringing 
in the Vcc values 
after the processor 
enters 
the 
Stop Grant state with a peak-to-peak 
range of 210 mV on 


Vcc core, and about 
65 mV on Vcc I/O. As expected, 


there is a severe droop in the core Vcc due to the lack of 
bulk capacitors 
to handle the abrupt 
change 
in load and 


the 
voltage 
tolerance 
specification 
is 
violated. 
The 
picture 
also 
illustrates 
the 
importance 
of 
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the bulk decoupling 
for the core Vcc- where 
the largest 


load 
transients 
occur. 
Note 
also 
that 
although 
these 


experiments 
were done with no bulk capacitors 
added to 


the 
processor 
card, 
there 
was 
still 
capacitance 
in the 


power 
supply, 
small 
capacitance 
from loads 
and board 


effects, 
and a total of 0.88 ~F from the high frequency 


capacitors. 


Using 
no 
high 
frequency 
filter 
capacitors, 
with 
recommended 
bulk capacitors: 


Bulk Capacitors: 
400 ~F core; 47 ~ 
I/O. 


High frequency 
Capacitors: 
None 
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Figure 8. Example 
of No High Frequency 
Oecoupling 
Capacitance 
for Core and 
110Vcc Exiting Stop Grant 


A high magnitude 
of high frequency 
noise was observed 


on both the core and I/O Vcc. Figure 
8 shows 
almost 


300 mV of peak-to-peak 
noise on the UO Vcc- and about 
125 mV of peak-to-peak 
noise on the core Vcc 
In this 


case. 
the 
system 
does 
not 
meet 
the 
voltage 
tolerance 


specifications 
and is not stable. 


Note 


The 
data 
presented 
in 
this 
application 
note 
reflects 
studies 
on 
a 
selected 
system. 
It 
is 


recommended 
that the following 
information 
be 
used 
as a starting 
point 
for 
doing 
a Pentium 
processor 
with 
voltage 
reduction 
technology 


system 
and 
that 
measurements 
be 
made 
on 


individual 
systems to ensure a robust design. 


7.0. 
SUMMARY 


With the addition 
of the Pentium 
processor 
90 MHz to 


the 
microprocessors 
a designer 
has 
to 
choose 
from. 


additional 
design 
issues 
must 
be 
addressed. 
The 


separation 
of core and UO voltages 
requires 
the use of an 


additional 
regulator 
to supply the 2.9 volt requirement 
of 


the core. This in turn requires 
the separation 
of power 
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planes on the system board or daughter 
card. Appropriate 


decoupling 
of the core Ycc and UO Vcc is also required 
to ensure the Vcc tolerance 
specifications 
are met. 


Using power islands 
for core Vcc and I/O Vcc offer the 


designer 
an option 
to avoid 
using 
an additional 
power 


plane 
for the system 
board 
or daughter 
card. There 
are 
switching 
regulator 
controllers 
commercially 
available 


which can be used to design power supplies 
to source the 


worst 
case 
current 
for 
the 
Pentium 
processor 
with 
Voltage 
Reduction 
Technology. 
Transients 
during 
large 
current changes 
can be overcome 
by using adequate 
bulk 


decoupling 
capacitance. 
Additional 
high 
frequency 


decoupling 
will help reduce 
high frequency 
noise 
to an 
acceptable 
level. 
It is recommended 
that the bulk 
and 


high 
frequency 
capacitance 
estimates 
provided 
in this 


note. be used as a starting 
point for selecting 
the correct 
amount 
of decoupling 
used in a Pentium 
processor 
with 
Voltage 
Reduction 
Technology. 
It 
is 
further 


recommended 
that the Vcc tolerance 
for both core and 


UO be verified 
through 
the use of applications 
(such 
as 


DOS Edit. and UO intensive 
benchmarks) 
which provide 
a worst case operational 
scenario. 
This will ensure 
that 
the final design will meet Vcc tolerance 
specifications. 


1998 Pentiunf1i>Processor Databook 


AP-519 / Pentium@Processorwith 
Voltage Reduction 
Technology 


APPENDIX 
A. 
EXPERIMENTAL 
PLATFORM 


All measurement 
data and oscilloscope 
traces were taken on the following 
platfonnltest 
equipment: 


Neptune* 
82430 PCI Evaluation 
System 


TCP-to-SPGA 
Converter 
Nehemiah 
Card 


300-KHz 
Switching 
Regulator 
Power Supply 


Telctronix* TLS2l6 
Logic Scope (16 Channel, 2,Hz) 


Tektronix 
Pulse Generator 
PG20ll 
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Pentium's 
Processor 
at iComp~ 
Index 610\75 MHz (Order Number 242323) t 


Pentiumu 
Processor 
(610\75) Power Supply Considerations 
for Mobile Systems 
Application 
Note. 
(Order Number 242415) 


AP517 Pentiumw 
Processor 
(610\75) Power Consumption 
Application 
Note. (Order Number 242416) 


AP515 Pentium+ 
Processor 
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TCP System Thermal Design 
Application 
Note. (Order Number 242414) 
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APPENDIX 
C. 
VENDORS 
PROVIDING 
VOLTAGE 
REGULATORS 


AND CAPACITORS 


The list below is meant to be representative 
only, and does not include all vendors 
of a particular 
type. Intel has not tested 
all of the components 
listed below 
and cannot 
guarantee 
that these 
components 
will meet 
every 
PC manufacturers 


specific requirements. 


Voltage 
Regulators: 


Linear Technology 
Corporation 
1630 McCarthy 
Blvd. 
Milpitas, 
CA 95035-7487 
Tel. (408) 432-1900 


Maxim Integrated 
Products 
120 San Gabriel Drive 
Sunny vale, CA 94086 
Tel. (408) 737-7600 


Decoupling 
Capacitors: 


AVX Corporation 
TPSE Series 
Myrtle Beach, South Carolina 29577 USA 


KEMET Electronics 
Corporation 
T Series 
P.O.Box 5928 
Greenville, 
South Carolina 29606 USA 
Tel. (803) 963-6348 


Nichicon (American) 
Corporation 
PL Series 


927 East State Parkway, 
Schaumburg, 
Illinois 60173 
USA 


Sanyo Video Components 
OS-CON 
Series 
2001 Sanyo Ave. 
San Diego, California 
92073 USA 
Tel. (619) 661-6835 
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1.0 INTRODUCTION 


In a system environment, the Pentium= processor's 
temperature is a function of both the system and com- 
ponent thermal characteristics. The system level ther- 
mal constraints imposed on the package are local ambi- 
ent temperature and thermal conductivity (i.e., airflow 
over the device). The Pentium processor thermal char- 
acteristics depend on the package (size and material), 
the type of interconnection to the printed circuit board 
(peB), the presence of a heat sink, and the thermal 
conductivity and the power density of the peD. 


All of these parameters are aggravated by the continued 
push of technology to increase the operating speeds and 
the packaging density. As operating frequencies in- 
crease and packaging size decreases the power density 
increases and the heat sink size and airflow become 
more constrained. The result is an increased impor- 
tance on system design to ensure that thermal design 
requirements are met for each component in the sys- 
tem. 


In addition to heat sinks and fans, there are other solu- 
tions for cooling integrated circuit devices. A few of 
these solutions are: fan mounted on heat sink, heat 
pipes, thermoelectric (peltier) cooling, liquid cooling, 
etc. While these alternatives are capable of dissipating 
additional heat, they have disadvantages in terms of 
system cost, complexity, reliability, and efficiency. 
These techniques are more expensive than a passive 
heat sink and fan. The introduction of active devices 
can also decrease reliability. Finally, the power efficien- 
cy of some of these techniques is poor, and gets worse 
as the amount of power being dissipated increases. De- 
spite these disadvantages, each of these solutions may 
be the right one for particular system implementations. 


However, for the purpose of this application note, Intel 
has focused its efforts on describing solutions using pas- 
sive heat sinks and fans. 
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1.1 Document 
Goal 


The goal of this document is to provide thermal per- 
formance information for the Pentium processor and 
recommendations for meeting the thermal requirements 
imposed on systems. This application note attempts to 
provide an understanding of the thermal characteristics 
of the Pentium processor and some examples of how 
the thermal requirements can be met. 


2.0 
IMPORTANCE 
OF THERMAL 


MANAGEMENT 


Thermal management of an electronic system encom- 
passes al!of the thermal processesand technologies that 
must be employed to remove and transfer heat from 
individual components to the system's thermal sink in a 
controlled manner. 


The objective of thermal management is to ensure that 
the temperature of all components is maintained within 
functional and absolute maximum limits. The function- 
al temperature limit is the range within which the elec- 
trical circuits can be expected to meet their specified 
performance requirements. Operation outside the func- 
tional limit can degrade system performance or cause 
logic errors. The absolute maximum temperature limit 
is the highest temperature that a portion of the compo- 
nent may be safely exposed. Temperatures exceeding 
the limit can cause physical destruction or may result in 
irreversiblechanges in operating characteristics. Higher 
temperatures result in earlier failure of the devices in 
the system. Every lOoe rise above the operating range 
means a halving of the mean time between failures. 
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3.0 Pentlum® PROCESSOR 
POWER 
SPECIFICATIONS 


The Pentium processor's power dissipation and case 
temperature specs for 60 MHz and 66 MHz are shown 
in Table L 


To ensure functionality and reliability of the Pentium 
processor, maximum device junction temperature must 
remain below 90"C. Considering the power dissipation 
levels and typical ambient environments of 40°C to 
4SoC, the Pentium processor's junction temperatures 
cannot be maintained below 90"C without additional 
thermal enhancement to dissipate the heat generated by 
this level of power consumption. 


The thermal characterization data described in Table 2 
illustrates that both a heat sink and airflow are needed. 
The size of heat sink and the amount of airflow are 
interrelated and can be traded off against each other. 
For example, an increase in heat sink size decreases the 
amount of airflow required. In a typical system, heat 
sink size is limited by board layout, spacing, and com- 
ponent placement. Airflow is limited by the size and 
number of fans along with their placement in relation 
to the components and the airflow channels. In addi- 
tion, acoustic noise constraints may limit the size or 
types of fans limiting the airflow. 


To develop a reliable thermal solution, all of the above 
variables must be considered. Thermal characterization 
and simulation should be carried out at the entire sys- 


tem level accounting for the thermal requirements of 
each component. 


4.0 THERMAL 
PARAMETERS 


Component power dissipation results in a rise in tem- 
perature 
relative to the temperature 
of a reference 
point. The amount of rise in temperature depends on 
the net thermal resistance between the junction and the 
reference point. Thermal resistance is the key factor in 
determining the power handling capability of any elec- 
tronic package. 


Thermal resistance from junction 
to case (8]d, and 
from junction to ambient (8].0 are the two most often 
specified thermal 
parameters 
for integrated 
circuit 


packages. 


4.1 Ambient Temperature 


Ambient temperature is the temperature of the undis- 
tributed ambient air surrounding the package. Denoted 
TA, ambient temperature is usually measured at a spec- 
ified distance away from the package. In the laboratory 
test environment, ambient temperature is measured 12 
inches upstream from the package under investigation. 
In a system environment, ambient temperature is the 
temperature of the air upstream to the package and in 
its close vicinity. 


Table 
1. Pentlumil!) Processor 
Power Dissipation 


Package 
Total 
Pin 
Package 
Power 
Power 
Max Case 


Type 
Pins 
Array 
Size 
(Typical) 
(Max) 
Temp rC) 


Pentium Processor 
60 MHz 
PGA 
273 
21 x 21 
2.16" 
x 2.16" 
11.9W 
14.6W 
80 


Pentium 
Processor 
66 MHZ 
PGA 
273 
21 x 21 
2.16" 
x 2.16" 
13W 
16W 
70 
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4.2 Case Temperature 


Case temperature, denoted Te, is measured at the cen- 
ter of the top surface (on top of the heat spreader, see 
Figure I) of the package, typically the hottest point on 
the package case. Special care is required when measur- 
ing the case temperature to ensure an accurate tempera- 
ture measurement. Thermocouples 
are often used to 
measure Te. Before any temperature 
measurements, 
the thermocouples have to be calibrated. When measur- 
ing the temperature of a surface which is at a different 
temperature from the surrounding ambient air, errors 
could be introduced in the measurements. The mea- 
surement errors could be due to having a poor thermal 
contact between the thermocouple junction and the sur- 
face, heat loss by radiation or by conduction through 
thermocouple leads. To minimize the measurement er- 
rors, it is recommended to use the following approach: 
• Use 36 gauge or fmer diameter K, T, or J type ther- 
mocouples. The laboratory testing was done using a 
thermocouple 
made 
by 
Omega 
(part 
number: 


5TC-TIK-36-36). 
• Attach the thermocouple bead or junction 
to the 
center of the package top surface using high thermal 
conductivity cements. The laboratory 
testing was 
done by using Omega Bond (part number: OB-lOO). 
• The thermocouple should be attached at a 90· angle 
as shown in Figure I. When a heat sink is attached a 
hole 
(no larger 
than 
0.15 H ) 
should 
be drilled 
through the heat sink to allow probing the center of 
the package as shown in Figure 1. 


• If the case temperature is measured with a heat sink 
attached to the package, drill a hole through the 
heat sink to route the thermocouple wire out. 


4.3 Junction Tern erature 


Junction temperature, denoted Tj, is the average tem- 
perature of the die within the package. 


The junction temperature for a given junction-to-ambi- 
ent thermal resistance, power dissipation, and ambient 
temperature is given by the following formula: 


If a heat sink with thermal resistance of 0SA (sink-to- 
ambient) is used, then the thermal resistance from the 
junction-to-case, Ole, is given by the following formula: 


TJ = po· 
(/lJC + /lcs + /lSA) + TA 


where: 


0es is the thermal 
resistance from the component 
(case) to the heat sink. 
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Figure 1. Thermocouple 
Attachment 
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4.4 Thermal 
Resistance 


Thermal resistance. (Figure 2) values for junction-to- 
ambient, (hA and junction-to-case, 9Jc, are used as 
measures of IC package thermal performance. 9JC is a 
measure of the package's internal thermal resistance 
along the major heat flow path from silicon die to pack- 
age exterior. This value is strongly dependent on the 
material, thermal conductivity, and geometry of the 
package. 9JC values also depend on the location of the 
reference point (in this case center of the package top 
surface), the external cooling configurations and the 
heat flow paths from the package to the ambient. For 
example, if a heat sink is attached to the package top 
surface or more heat is pulled into the board through 
the pins, the 9JC values measured with reference to the 
center of the package top surface will change. 9JA val- 
ues include not only internal thermal resistance, but 
also the radiative and convective thermal resistance 
from the package exterior to ambient air. 9JA values 
depend on the material, thermal conductivity, and ge- 
ometry of the package and also on ambient conditions 
such as airflow rates and coolant physical properties. 


In order to obtain thermal resistance values, junction 
temperature is measured using the temperature sensi- 
tive parameter (TSP) method. With this method, spe- 
cial design thermal test structures are used which are 
approximately the same size as the Pentium processor 
die. The test structure consists of resistors and diodes. 


Resistors are used to simulate the Pentium processor 
power dissipation and thereby heat up the package. Di- 
odes, which are located at the center of the thermal test 
die, are used to measure the die temperature. The mea- 
surements are carried out in a wind tunnel environ- 
ment. The air flow rate and the ambient temperature 
are measured 12 inches away from the package in the 
upstream air. 


The parameters are defined by the following relation- 
ships: 


9JA 
9JC 
9JA 


(TJ - 
TA>/PO 
(TJ - 
TC)/Po 


9JC + 9CA 


where: 
9JA = junction-to-ambient thermal resistance 


\C/W) 
9JC 
= junction-to-case thermal resistance \C/W) 
9CA = case-to-ambient thermal resistance \C/W) 
TJ 
= average die (junction) temperature ("C) 


Tc 
= case temperature at a pre-defined location ("C) 
TA 
= ambient temperature ("C) 
Po 
= device power dissipation (W) 
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Figure 2. Thermal 
Resistance 
Parameters 
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Table 2 lists the junction-to-case and case-to-ambient thermal resistances for the Pentium processor (with and 
without a heat sink). 


Table 2. Thermal Characterization 
Data 


8JC 
8CA 
• ·vs Airflow (ft/min.) 


0 
200 
400 
600 
800 
1000 


With 0.25" 
Heat Sink 
0.6 
8.3 
5.4 
3.5 
2.6 
2.1 
1.8 


With 0.35" 
Heat Sink 
0.6 
7.4 
4.5 
3.0 
2.2 
1.8 
1.6 


With 0.65" 
Heat Sink 
0.6 
5.9 
3.0 
1.9 
1.5 
1.2 
1.1 


Without 
Heat Sink 
1.2 
10.5 
7.9 
5.5 
3.8 
2.8 
2.4 


NOTE: 
Heat 
Sink: 
2.1 in2 base, 
ornni-direcnonat 
pin AI heat 
sink with 
0.050 
in. pin width, 
0.143 
in. pin- to-pin 
center 
spacing 
and 
0.150 
in. base thickness. 
Heat sinks 
are attached 
to the package 
with a 2 to 4 mil thick 
layer of typical 
thermal 
grease. 
The 
thermal 
conductivity 
of this grease 
is about 
1.2 w/m 
c. 


•• 
8CA values 
shown 
in this table 
are typical 
values. 
The actual 
8CA values 
depend 
on the air flow in the system 
(which 
is 
typically 
unsteady, 
non-uniform 
and turbulent) 
and thermal 
interactions 
between 
Pentium 
CPU and surrounding 
components 
through 
PCS and the ambient. 


5.0 DESIGNING 
FOR THERMAL 
PERFORMANCE 


TA = Tc - 
(p. 8cAl 


TA = 70·C 
-(16W· 
10SC/W) 


At this point the application note turns from describing 
the characteristics that define thermal performance to 
describing how designers should use these characteris- 
tics to assess thermal requirements of PC system de- 
signs.The Pentium processor specifiesa maximum case 
temperature, Tc, of 70·C @ 66 MHz. This case temper- 
ature limit along with the Pentium processor's power 
and thermal resistance characteristics can be used to 
determine the ambient temperature required to keep 
the Pentium processor operating within its specified 
limits. Using these parameters in the following equa- 
tions: 


TA = -98·C 


The maximum ambient temperature required in a Pen- 
tium processor system without any additional thermal 
enhancement is -9S·C at 66 MHz. Obviously,this am- 
bient temperature is impractical and unachievable in a 
PC system. In order to be able to maintain the case 
temperature at 70·C in a typical system ambient with 
air temperature of 4O·Cto 4S·C, the thermal resistance 
between the case and the ambient must be reduced. 
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5.1 Heat Sinks 


The most common way to improve the package thermal 
performance is to increase the surface area of the device 
by attaching a large piece of metal (a heat sink) to the 
package. The heat sink is usually made of Aluminum 
and is chosen for its price/thermal-performance 
ratio. 
There are materials that offer higher conductivity such 
as copper, but cost becomes prohibitive. To maximize 
the flow of heat for a given junction temperature rise 
over the ambient temperature, the thermal resistance 
from heat sink to air can be reduced by a) maximizing 
the surface area, and b) maximizing the air flow across 
the surface area (maximizing air flow through heat sink 
fins in most cases). 


Intel has used test data to determine what size of heat 
sink and airflow is needed to properly cool a Pentium 
processor system. The data was derived assuming an 


adhesive attach process that offers thermal resistance of 
about O.2°C/W. 


The testing was done in a wind tuunel in the configura- 
tion (in Figure 3) where the heat sink was mounted on 
a real Pentium processor package with a thermal die 
mounted inside to generate the 16W of power. The 
package is then mounted in a socket which is soldered 
to a 2-layer PCB that brings power to the die. 


Based on these tests, three specific heat sink and airflow 
combinations have been identified that properly dissi- 
pate the Pentium processor's 16W and maintains a case 
temperature 
below 700C @ 66 MHz. The three heat 


sinks are shown in Figure 4. 


« 


< 
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Flow 


« 
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Figure 3. Improving Thermal Performance 


Heat sink A: H = 1.4" for 
200 LFMs 01 Air 
Heat sink S: H = 1.05" 
lor 
300 LFMs 01 Air 
Heat sink C: H = 0.85" 
lor 
400 LFMs 01 Air 
Assumption: 
Air Temp = 45"C 
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Figure 4. Recommended Combinations 
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In addition. testing has been done to provide more gen- 
eral guidelines which allow deviating from the above 
conditions. These guidelines allow systems to derive 
various combinations of heat sink size and airflow that 
ensure the Pentium processor thermal specifications are 
met. For example. by increasing the heat sink x-y di- 
mensions and extending it over the package footprint. 
the heat sink height can be reduced while maintaining 
the same thermal performance as the taller heat sink 
with the same footprint as that of the package. The first 
three charts (Figures 5. 6. 7) show the thermal resist- 
ance as a function of heat sink size and airflow. The last 
three charts (Figures 8. 9. 10) show the power dissipa- 


tion achievable with a given heat sink size and airflow. 
The power dissipation calculations assume Tc = 70·C 


@ 66 MHz. TA = 45·C. and 8]C = 0.6·C/W. 


Pmax = (Tc - 
TtJ/(JCA 
= 25/(JCA 


A key assumption in all of these calculations is that a 
perfect thermal connection can be achieved between the 
case and the heat sink. One ban extrapolate the heat 
sink solutions by adding the additional thermal resist- 
ance of any chosen heat sink attach process. See Ap- 
pendix B for case to heat sink thermal interface options. 
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Figure 5. Thermal Resistance 


Heat Sink Size = 2.6 Inches· Square 
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Figure 6. Thermal Resistance 
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Heat Sink Size (Base) = 3.0 Inches Square 
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Figure 7. Thermal Resistance 


Heat Sink Size (Base) = 2.1 Inches Square 
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Figure 8. Power Dissipation 
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Heat Sink Size (Base) = 2.6 Inches Square 
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Figure 9. Power Dissipation 


Heat Sink Size (Base) = 3.0 Inches Square 
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Figure 10. Power Dissipation 
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5.3 Fans 


Fans are often needed to assist in moving the air inside 
a chassis. A typical variable speed fan capable of up to 
lOO CFM of air can be found for approximately 
$10. 


The airflow rate is usually directly related to the acous- 
tic noise level of the fan and system. Therefore 
maxi- 
mum 
acceptable 
noise levels may limit the fan output 
or the number 
of fans selected for a system. 


A fan may be placed at the top of a heat sink to pro- 
duce 
direct 
air 
impingement 
on 
the 
heat 
sink 
for 


efficient heat removal. 
A key issue with fans is their 
reliability. 
Although 
many fans are rated for approxi- 
mately 50,000 hours of operation, 
operating 
conditions 


such as operating 
temperature, 
pressure drop across the 
fan and the particles 
in the air can significantly 
reduce 
the fan's useful life. 


~~~ 
m •.•••vc 
I.<1JI.t:Jl 
io ensure the adcmonal 
heat result- 
ing from the power 
is properly 
dissipated. 
As docu- 
mented, 
the heat can be dissipated 
using passive heat 
sinks, fans and/or 
active cooling devices. 


The simplest and probably 
most cost effective method 
is to use a heat sink and a fan. The size of the heat sink 
and the output 
of the fan can be varied to balance the 
tradeoffs 
between 
size 
and 
space 
constraints 
versus 


noise. For 
example, 
if space is available 
a 1.4" high 
heat sink can be used with only 200 LFM to cool the 
66 MHz Pentium 
processor 
and the 16W it dissipates. 


Another 
example in which space is restricted 
shows a 
0.7" 
high heat sink can be used if approximately 
500 
LFM of airflow is provided. 


These are not the only valid solutions, but both provide 
adequate 
cooling 
to maintain 
the Pentium 
processor 
case temperature 
at or below the 70·C 
@ 66 MHz spec- 
ified limit. By maintaining 
this specification, 
the system 
can guarantee 
proper functionality 
and reliability of the 
Pentium 
processor. 
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APPENDIX 
A 
EXAMPLES 


Thermal management examples, designing with the Pentium processor. Using the best known methods. 


Appendix 
Goal 


The goal of this appendix is to measure the operating temperatures in a real system versus the wind tunnel laboratory 
measurements. These experiments are done with heat sinks that are similar to the ones suggested in Section 5.1 of the 
main document. The thermocouples and attachment methods suggested in Section 4.2 of the main document are also 
used. The appendix begins by reviewing the variables that the system designer has control over and uses tables to 
describe thermal resistance in the context of where the system designer can have the most effect The importance of 
the case to heat sink thermal interface and correct attachment methods are reviewed and different options given. The 
appendix proceeds to describe the system used for these tests and the tools and equipment needed. The lab set up 
procedures are discussed in detail and the measurements are presented with comments at the conclusion. 


WHAT 
ARE THE VARIABLES? 


Table A-I shows the cooling options that customers can control when designing a system. From Table A-I it is 
obvious that changing the heat sink and air flow are the two most effective ways for a system designer to affect the 
thermal performance of a system. 


Table A-1. Variables 


COOLING 
OPTIONS 
UNDER CUSTOMER 
CONTROL 


Variables 
Options 
for Cooling 


Device 
• Use Power Management 
SW in the System 
• Clock the Device at a Lower Speed 


Heat Sink 
• Increase 
Heat Sink Area, Width or Height 
• Use Interface 
Materials 
with Lower Thermal 
Resistance 
• Use Active Cooling Devices 
• Use a Combination 
of Active and Passive Cooling Devices 


AirFlow 
• Increase Air Flow 
• Manage Air Flow 
• Place Hottest 
IC's near Highest Airflow 


Ambient 
Temperature 
• Place System in a Controlled 
Climate 
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Figure A-I sums up the thermal tradeoffpicture 
succinctly. Looking at Figure A-I reiterates the previous statement 
that increasing the heat sink size and air flow rate provide the largest thermal performance improvements. In 
addition it shows the variables that are constant. Note that the 8]C (junction-to-case thermal resistance) of the 
Pentium processor is fixed and a system designer can have no effect on this parameter. Also note that the 8CS (case- 
to-heat sink thermal resistance) is a constant. Even though 8CS is shown as a constant in Figure A-I it can move up 
and down the Y axis depending on the interface material chosen. The case to heat sink interface is critical to the 
overall success of the thermal solution and cannot be overlooked. The next section will go into detail on this subject. 
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Figure A-1. Thermal 
Resistance 
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The main of purpose Figure A-2 is to show that packages and heat sinks are not perfectly flat and this requires that 
the air gap be filled with an interface material that has a lower thermal resistance than air. The whole point is to try 
and minimize the contact thermal resistance. The different types of thermal interface materials are listed to show the 
wide array of materials available to the system designer. Intel's data books have a mechanical section that list the 
flatness of the package. Heat sink vendors should be able to provide specifications for their heat sink offerings. 


Thermal Interfaces 


Thermal Interface case to heat sink 


Heat Sink 


• 
Interface 
materials 
are 


designed 
for transferring 


heat through the Imperfect 


surfaces of the processor 


package and the heat sink 


Air Gap 


• 
TYPES OF THERMAL 


INTERFACE 
PRODUCTS 
Heat Sink 


- Elastomeric 
Pads 


- Thermal 
Compounds 


- Conductive 
Graphite 


Felt 


- Wax on Carrier 
Film 


Figure A·2. Thermal 
Interfaces 
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The next section (Figures A-3 through A-5) covers attachment methods which generally fall into the categories 
shown; epoxies, double sided tapes or manual clips to either chip or socket. 


Attachment 
Methods Double Side Tapes/Epoxies 


• 
Double 
sided 
tapes 
and epoxies 


are designed 
to either 


permanently 
or seml- 
permanently 


fasten 
the heat sink to the processor 


package 
and to promote 
heat 


transfer 
across 
the interface. 
WlWJU] 


";.;.:.: 
;.::,::.:.:.:,:,:.:;:;:;:;:::.:,:,:.::::::::::::::.:.:,.- 
: 
:.: 
. 


• 
TYPES OF ADHESIVES 


- Epoxies 
(1 & 2 Part) 


- Silicone 
Compounds 


(ATV) 


• Anarobic 
(1 Drop) 


• Acrylic 
basad 
PSA 


Tapes 


Figure A-3. Attachment 
Methods 


Attachment 
Methods Clipping Techniques 


• 
Clips 
are designed 
to be a 


removable 
solution 
to the 


processor 
heat sink attachment 


problem. 
The force 
generated 


minimizes 
c+s 
thermal 


resistances 
. 
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• 
TYPES OF CLIPS 
~ 


• Edge Plastic 


- Over-the-Top 
Metal 
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Figure A-4. Attachment 
Methods 
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Note that some clips don't allow the package to be pushed all the way into the socket and this could be a problem 
with short lead packages. The main advantage of this type of system is that a low profile socket can be used to Iower 
the height of the processor heat sink assembly. 


Attachment 
Method 
Clipping 
to Processor 
Socket 


• 
Socket 
clips 
are designed 
to 


fasten 
heat sinks to processor's 
which 


have shortened 
pin lengths . 


• 
TYPE OF CLIP 


241575-16 


- Over-the-top 
Metal 


Figure 
A-5. Attachment 
Methods 


Table A-2 lists pros and cons of the different attachment methods covered. 


Table 
A-2 
Attachment 
Methods 
,. 


ATTACHMENT 
METHODS 
ADVANTAGES 
DISADVANTAGES 


DOUBLE 
• Quick to Use 
• High Thermal 
Resistance 
SIDED 
• Low Installed 
Cost 
• Requires 
Flat Interfaces 
TAPES 
• Compliant 
• Assembly 
Contact 
Pressure 
•.. 


• Low Potential 
Thermal 
• Mixing, Curing, Messy 
Resistance 
• Timing Consuming 
(if not 


EPOXIES 
• Low Contact 
Pressure 
automated) 
• CTE Stress, High Rigidity 
• Variable Thickness 
(theta) 


• Centralized 
Pressure 
Points 
• Removable 
• Removable 
• Force Limits vs Assembly 


CLIPS 
• Easily Installed 
• Insufficient 
Shock and 
• Solution to Upgrade 
Vibration 
Data 
• Accommodates 
Wide 
• Potential 
for Loss of Pressure 
Tolerance 
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The materials chart Figure A-6 shows the performance of each type of thermal interface material. Note that even 
though thermal grease has a deserved reputation for being messy and harder to control it still performs well as a 
thermal interface. All the examples that are shown in Appendix A use thermal grease as the case to heat sink 
interface. 
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Figure A-6. Materials 
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The next step is to chose a heat sink. Figure A-7 shows the wide range of choices and the cost associated with each 
technology. 


Now that all the variables and options are known for this problem we can proceed on to do some real system 
measurements using the recommendations and data shown in the first part of this application note. 


A Universe of Solutions to Thermal Management Problems 
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Figure A-7. Solutions 
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Objectives 
• 
To measure 
a Pentium 
processor 
system 
operating 
under 
real working 
conditions. 


• 
To compare 
the measured 
results 
to the predicted 
results 
shown 
in the 
beginning 
of this 
application 
note. 
The reader 
should 
always 
keep the main 
goal 
in mind; 
the main 
goal is always 
to meet 
the case 
temperature 
specification 
for 
the 
Pentium 
proces- 
sor. Any combination 
of heat sink and air flow rate 
is fine as long as the case temperature 
specification 
is met. The heat sinks used in test 
11 1 thru 
114 will 
match 
the suggested 
heat 
sinks as close as possible 
to accurately 
correlate 
with 
the 
wind 
tunnel 
data. 
This 
is meant 
to illustrate 
how 
a system 
designer 
might 
start by using the suggested 
heat sinks and air 
flow rates 
as starting 
points 
to thermally 
tune their 
particular 
system. 
Test 
11 5 uses a heat 
sink 
and 
a 
fan combination. 
The fan heat sink is best described 
as a fan attached 
directly 
to the heat 
sink 
on the 
Pentium 
processor. 
It is an active 
device 
used 
for 
spot cooling 
ICs. We will concentrate 
on traditional 
passive heat sink solutions 
with only one set of mea- 
surements 
being done for a fan heat sink assembly. 


Tools and Equipment 
1. Pentium 
processor-based 
system running 
at 
40 MHz. 


2. Hot wire anemometer 
to measure 
airflow 
rate. 


3. Thermocouples 
and high thermal 
conductivity 
ce- 
ment 
as recommended 
in the application 
note. 


4. Homemade 
jig for accurate 
and repeatable 
attach- 
ment 
of the thermocouples 
to the package. 


5. Homemade 
power 
supply 
isolation 
socket 
for set- 
ting the Vcc 
and reading 
the Ice 
of the processor 
independently 
of the rest of the system. 


6. Adjustable 
power supply with adequate 
current 
ca- 
pabilities 
and both current 
and voltage 
read out. 


7. Multimeter 
to read the voltage 
and current. 


8. Cables 
to connect 
everything 
up. 


9. Software 
test suite that 
simulates 
"worst 
case con- 
ditions 
for a typical 
real application." 
In this case it 
was Microsoft 
Excel 
and Word 
for Windows 
test 


suites. 


10. Drill 
and drill bits. 


11. Thermal 
grease. 


The lab procedure 
was as follows: 


Preparing the System 
1. Load the test software 
on the system disk (or floppy) 
and make sure everything 
runs correctly 
before you 
start. 
After 
everything 
works 
satisfactorily 
proceed 
to the next step. 


2. Remove 
the covers, 
choose 
several 
places 
(random) 
around 
the processor 
to measure 
the air flow of the 
sys tern. Then 
drill holes large 
enough 
to allow 
the 
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anemometer 
to be inserted. 
Five holes were drilled 
in the system 
cover. 


3. In this case we had a 12" long '/." 
diameter 
direc- 
tional 
anemometer. 
To 
get 
more 
repeatable 
mea- 
surements 
the shaft of the probe was marked 
with a 
pencil 
to get the same depth, 
into the box, for each 
measurement 


4. We then removed 
the processor 
card from the eh as- 


. sis (use 
anti-static 
procedures 
to prevent 
IC dam- 
age). 


5. Remove 
the Pentium 
processor 
from 
the 
card 
and 
install 
the isolation 
socket. 


Preparing the Pentium Processor for Testing 
1. Using 
the jig carefully 
attach 
the thermocouple 
to 
the 
center 
of the 
processor 
package 
using 
cement 
and let it cure as recommended 
by the manufacturer 
of the cement. 


2. Drill 
holes 
no larger 
than 
0.125" 
in the centers 
of 
the heat 
sinks to be tested just 
large 
enough 
to get 
the 
thermocouple 
wires 
through 
the 
hole. 
In 
the 
case of the fan heat 
sink, the fan was removed 
and 
the heat sink was drilled 
the same as the others 
and 
then 
re-assembled. 
Each 
of the holes 
were counter 
sunk 
on the bottom 
to better 
conform 
to the 
tear 
drop 
shape 
the thermocouple 
and cement 
naturally 
forms 
into. The 
idea is to not disturb 
or break 
the 
contact 
between 
the cement 
and the package. 
If it is 
broken 
or cracked 
the measurements 
will be incor- 


rect 


3. Apply 
the thermal 
grease 
(less than 
0.004" 
thick) 
evenly, with no voids, 
to the processor 
package. 


4. Slide 
the 
heat 
sink 
down 
the 
thermocouple 
wires 
being careful 
not to disturb 
the thermocouple 
while 
at the same time firmly 
seating 
the heat sink to the 
package. 
Attach 
the plug for the temperature 
meter 
10 the other end of the thermocouple 
wire terminals. 


5. Re-install 
the processor/thermocouple/heat 
sink as- 
sembly 
into 
the 
isolation 
socket 
on the 
processor 
board, 
again being careful 
not to disturb 
the thermo- 
couple 
connection. 


Preparing for Measurements 
1. Re-install 
the processor 
card into the system. 


2. Connect 
the power supply wires to the power supply 
and the isolation 
socket. 


3. Connect 
the multimeter 
to the the power 
supply 
to 
monitor 
the Vcc 
and set the power 
supply 
meter 
to 
measure 
Ice. 


4. Connect 
the thermocouple 
to the meter. 


5. Turn 
on the processor 
power 
supply 
and 
then 
the 
system 
supply. 


6. Wait 
for the system 
to boot 
and then 
run 
the test 
software. 
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Thermal Measurements 


The next step was to determine the baseline airflow in 
the system without a heat sink attached to the proces- 
sor. Measure the airflow at several locations using the 
access holes in the system and the marks on the probe 
to ensure accurate placement of the probe and repeata- 
bility of the measurements. Table A-3 shows the re- 
sults. Be cautious when placing the fan in a system 
relative to the processor. All fans have a dead spot (Iow 
airflow) in the center of the fan. Avoid the dead spot. 
Even several inches away from the fan the dead spot 
can influence airflow considerably. 


Test #1 


The next step is to compare how close the suggested 
values and tables are to the measured results. Use the 
formulas described in the beginning of the application 
note and the values from Table A-4. 


Po = vcc ' tee = (1.82·4.89) = 8.827W 


8JC = (TrTcl/Po 
= 0.6 


8JA = (TrTN/Po 


8CA = 8JA-8JC 
= [(TrTN-(TrTcl]/Po 
= [Tc-TA]/PO 


8CA = (55.3 - 29)/(1.8·4.85) 
= 2418.827 = 2.97 


8CA 
= 2.7°C/W is the measured value in the system 


for this configuration. 


Table A-3 Baseline Airflow 


Airflow Measured, LFM 
120-160 


Location 
of probe 
- 
2 inches (upstream 
from the fan) 
@ center of the processor 
(above the heat 


sink) 


Table A-4. Test Conditions Test # 1 


Heat Sink Size, 
Temperature, degrees C 
lee 
Vcc 
AirFlow 
Inches 
Room 
System 
Case 
Amps 
Volts 
LFM 
HxW 
TA 
TA 
Tc 


1.2 x 2.1 sq. 
23 
29. 
55.3 
1.82 
4.85 
100-150 
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The graph (Figure A-9) from the application note. for 
h eat sink size size of 2.1" x 2.1" •is used to compare the 
predicted 
8CA. for a 1.2" tall heat sink. to the mea- 
sured value of 8CA. 


The predictions from the graph (Figure A-9) are: 


(JCA = 2.9'C/W 
@ 100 LFM 


(JCA = 2.4'C/W 
@ 150 LFM 


(JCA = 1.9'C/W 
@ 200 LFM 


And the measured value is: 


(JCA = 2.97'C/W 
@ 100-150 
LFM 


Heat Sink Size (Base) = 2.1 Inches Square 
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Figure A-9. Thermal Resistance 


Table A-5 Test Conditions Test 
112 


.•eat Sink Size, 
Temperature, degrees C 
Icc 
Vcc 
AirFlow 
Inches 
Room 
System 
Case 
Amps 
Volts 
LFM 
HxW 
TA 
TA 
TC 


0.5 x 2.1 sq. 
22 
29 
58.3 
1.81 
4.85 
100-150 
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Test #2 
a cardboard baffle to simulate a system with very tight 
board spacing. An existing system that is upgrading 
from an Intel 486 processor to the Pentium processor 
might have this type of spacing. Note that this particu- 
lar configuration actually has more airflow than test 
# 2. It could have just as easily been lower. It all de- 
pends on the particular system being measured. 


The same test only the heat sink height was reduced to 
0.5 inch height. 


8CA = (Tc 
- 
TA>/Po 


8CA = 58.3 - 29/8.79 
= 3.33'C/W 


The 2. I" x 2.1" graph (Figure A-9) from test # 1 is 
used again and it predicts: 


8CA = (Tc 
- 
TA)/PO 


8CA = 70.3 - 27/8.79 
= 4.9'C/W 


8CA = 4.9'C/W 
@ 100 LFM 


8CA = 4.3'C/W 
@ 150 LFM 


8CA = 3.8'C/W 
@ 200 LFM 


The 2.1 " x 2.1" graph (Figure A-9) from test # 1 is 
used again to predict the 8CA: 


And the measured value is: 


8CA = 4.3'C/W 
@ 150 LFM 


8CA = 3.8'C/W 
@ 200 LFM 


8CA = 3.0'C/W 
@ 300 LFM 


8CA = 3.33'C/W 
@ 100-150 
LFM 
And the measured value is: 


Test #3 
8CA = 4.9'C/W 
@ 175-200 
LFM 


This test is the same as test # 2 except that processor 
board to board spacing was reduced to 0.6 inches using 


Table A-6. Test Conditions Test #3 


Heat Sink Size, 
Temperature, degrees C 
Icc 
Vcc 
Air Flow 
Inches 
Room 
System 
Case 
Amps 
Volts 
LFM 
HxW 
TA 
TA 
Tc 


0.5 x 2.1 sq. 
23 
27 
70.3 
1.81 
4.85 
175-200 


Table A-7. Test Conditions Test #4 


Heat Sink Size, 
Temperature, degrees C 
Icc 
Vcc 
AirFlow 
Inches 
Room 
System 
Case 
Amps 
Volts 
LFM 
HxW 
TA 
TA 
Tc 


0.65 x 3.1 sq. 
23 
29 
55.3 
1.8 
4.85 
100-140 
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"est 
#4 


Ibis test uses a 0.65" tall heat sink that is 3.1" sq. This 
type of heat sink might be used when height is limited 
and there is room to spread out by adding more area to 
the heat sink base. 


9CA = (Tc - 
TAl/Po 


9CA = (55.3 - 29)/8.73 
= 3.0 


The 3.0" x 3.0" graph (Figure A-lO) from the applica- 
tion note is used since it is similar to the heat sink used. 
TIle 3.0" x 3.0" graph predicts: 


9CA = 3.0·C/W 
@ 100 LFM 


9CA = 2.6·C/W 
@ 150 LFM 


And the measured value is: 


IICA = 3.0·C/W 
@ 100-140 
LFM 


Test #5 


The last test was done using a fan/heat sink assembly 
that has become popular for prototyping, 
debug and 
spot cooling in some situations. We were not able to 
measure the airflow on the processor with this configu- 
ration because the air flow is not directional enough to 
get a reading with the probe available. The case temper- 
ature however was monitored by mounting a thermo- 
couple in the same manner used above. We did modify 
the setup by bringing the thermocouple wires out the 
side to clear the fan. This will change the measurements 
the thermocouple produces and should be factored into 
any data. We do not have any wind tunnel data on the 
fan/heat sink combination. Note that the case tempera- 
ture is within specification. 


Heat Sink Size (Base) = 3.0 Inches Square 
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Figure A-10. Thermal Resistance 


Table A-S. Test Conditions Test #5 


eat Sink Size, 
Temperature, degrees C 
tee 
Inches 
Vcc 
AirFlow 
Room 
System 
Case 
Amps 
Volts 
LFM 
HxW 
TA 
TA 
Tc 


HS/Fan 
23 
29 
46 
1.8 
4.85 
120-160 
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Conclusion 


Table A-9 shows all the tests in one table. The data 
shows that the suggestions in the application note are a 
very good starting point to begin tuning any Pentium 
processor system and that there is no one cookbook 
answer that fits all systems because of the complexity of 
air flow and variations from each type of system. In- 
deed the results show that airflow can be changed dra- 
matically even in the same system by changing one 
variable. For example test #2 and #3 are exactly the 
same except that board to board spacing was reduced 
significantly. Note that case temperature rose signifi- 
cantly even though the airflow sensor was reading a 
higher value. This suggeststhat the airflow through the 
heat sink was lower even though the anemometer, 2 
inches away, was reading higher airflow at its position. 
Note also that test # 2 more closely approximates the 
wind tunnel test setup because it has open space above 
the board instead of a board nearby. This is also why 
the predicted data versus the measured data is so far off 
for test # 3, while test #2 is very close to the predicted 
results. 


Test # 1 and #4 demonstrate a fundamental principle 
of the physics involved. If you have the same airflow 


and must reduce the height of the heat sink, you have 
to spread out the area of the heat sink to compensate 
for the reduced height. Test # I uses a 1.2" height heat 
sink that is the same size as the package. Test #4 was 
able to produce the same case temperature with a short- 
er heat sink and more area. 


Test # 5 demonstrates that a fan/heat sink assembly 
can spot cool effectivelyif you have enough space above 
and around it to allow the required back pressure. This 
is the only active device tested. If you look back at the 
"A Universe of Solutions to Thermal Management 
Problems" (Figure A-7) chart you will see the reason 
why. While the Pentium processor is at the outer enve- 
lope of passive cooling, this method of cooling still of- 
fers lower cost, power usage and reliability in most cas- 
es. 


Most of all the system designer should never lose sight 
of the real goal which is to keep the junction tempera- 
ture within the operating limit. Since the designer can- 
not measure junction 'temperature they must use the 
case temperature, which can be measured to ensure 
proper operation for the component. 


TableA-9 


Heat Sink Size, 
Temperature, degrees C 
Test # 
Inches 
tee 
AirFlow 


HxW 
Room 
System 
Case 
Amps 
LFM 
TA 
TA 
Tc 


1 
1.2 x 2.1 sq. 
23 
29 
55.3 
1.82 
100-150 


2 
0.5 x2.1 sq. 
22 
29 
58.3 
1.81 
100-150 


3 
0.5 x2.1 sq. 
23 
27 
70.3 
1.81 
175-200 


4 
0.65 x 3.1 sq. 
23 
29 
55.3 
1.8 
100-140 


5 
HS/Fan 
23 
29 
46 
1.8 
120-160 


vcc = 4.85V 
for all tests. 
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APPENDIX 
B 
HEAT SINK VENDORS 


Aavid Engineering 


One Kool Path 
P.O. Box 400 
Laconia, NH 03247 
(603) 528-3400 
(603) 525-1478 (FAX) 
Contact: Gary F. Kuzmin (Product Marketing 
Manager) 


IERC 
135 W. Magnolia Blvd. 
Burbank, CA 91502 
(818) 842-7277 
(818) 848-8872 (FAX) 
Contact: Guy R. Addis (Western Region Applications 
Engineer) 


EG&G Wakefleld Engineering 
60 Audubon Rd. 
Wakefield, MA 01880 
(617) 245-5900 
(617) 246-0874 (FAX) 
Contact: David Saums (Marketing Manager) 


ThermaIJoy 
2021 W. Valley View Lane 
Dallas, TX 75234-8993 
(214) 243-4321 


Contact: Larry Tucker (VP of Sales and Marketing) 
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1.0 
INTRODUCTION 


Today's high speed microprocessors place a heavy de- 
mand on clock generation and distribution. To main- 
tain a synchronous system, well-controlled and precise 
clocking solutions are required. Pentium~ processor, 
with operating frequenciesof 60 MHz and 66 MHz, has 
tight system clock specifications. In order to bring 
clock signals of acceptable quality and minimal skew to 
the Pentium processor and the rest of the system, sys- 
tem designers have to contend with high speed issues 
for clock distribution and limited number of precise 
clock driver devices. In this application note, the key 
issuesin the design of a 60 MHz or 66 MHz clock for a 
Pentium processor-based system will be discussed, 
available clock drivers will be listed and discussed, and 
detailed design examples of a clock solution for the 
Pentium processor with 256K second-levelcache sub- 
system, using the 82496 Cache Controller and the 
82491 Cache SRAMs, are provided. 


The Pentium processor, 82496 Cache Controller, and 
82491 Cache SRAM form a CPU-Cache core or chip 
set. Along with a memory bus controller (MBe), the 
chip set provides a CPU-like interface for many types 
of memory buses. 


This application note is intended for system designers 
concerned with clock generation and distribution for 
the Pentium processor and CPU-Cache chip set based 
systems. It reflects data collected from several quarters 
of characterization of the Pentium processor and expe- 
rience with some of the clock driver devices, as well. 
This application note givesreaders a good understand- 
ing of the issues and solutions of high speed clocking, 
particularly that for the Pentium processor. The reader 
should be familiar with the Pentium processor and 
CPU-Cache chip set electrical and mechanical specifi- 
cations, Clock Design in 50 MHz Intel486™Systems, 
and transmission line theory. If not, please read materi- 
als listed in Section 9.0 before proceeding. 
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1.1 General Clocking Issues 


There are two major problems with distributing clock 
signals at 66 MHz: clock signal quality and clock skew. 
At high speed, one set of effects which has been minor 
in slower designs is now significant-the 
effects of 
transmission line. At high frequencies and fast edge 
rates, long traces behave like transmission lines. The 
"lumped" circuit assumption which assumes instanta- 
neous signal transmission is no longer valid. Instead, 
signals travel in a finite time. When a transmission line 
is not properly terminated, one can observe severe over- 
shoot, undershoot and ringback, all of which degrade 
logical signals. Bad signal quality can cause false 
switching or multiple switching, and can in extreme 
cases damage the devices. To maintain a clean clock 
signal, designersmust consider clock driver characteris- 
tics, signal routing, load characteristics, and transmis- 
sion line termination. 


There are four basic ways to terminate a transmission 
line, series, parallel, Thevenin, and AC terminations 
(Figure 1). Series termination is recommended when 
driver output impedance is less than the transmission 
line characteristic impedance (true for most TTL driv- 
ers) and the line is driving a small number of devices. 
Series termination consumes low power and uses only 
one device; however, the termination method increases 
signal rise and fall times. Series termination ensures 
good signal quality by eliminating secondary reflection 
off the driver end. The rest of the termination methods 
eliminate reflection at the load end. All of the termina- 
tion methods can provide good, clean clock signals at 
the load. Both parallel and Thevenin terminations con- 
sume a large amount of power. Thevenin termination 
consumes less power than parallel but requires one 
more device. AC termination consumes low power but 
adds capacitive load to the driver and delay due to RC 
time constant. Design examples provided with this ap- 
plication note use series termination. For more infor- 
mation on transmission line effects and design issues, 
please refer to [ref. 3, ref. 4, ref. 5] 
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Rterm 
ZO 
Receiver 


Driver 
Rterm=ZO - Zd 
Receiver 


Zd = Driver Output Impedance 


Series Termination 


Vcc 


Driver 
ZO 


Rterm = 2Z0 


Thevenin Termination 
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Driver 


Rterm = ZO 


Parallel Termination 


Driver 
ZO 
Receiver 


Rterm = ZO 


AC Termination 


Figure 1.Common Termination Techniques 


Skew is defined as the time difference between when the 
clock signal reaches each component. As frequency in- 
creases, there is less and less time for computation in a . 
given clock period for a synchronous design. For a typi- 
cal design, the time from one rising edge to the next is 
composed of the largest path-delay, setup time, propa- 
gational delay through logic elements, and skew. Clock 
skew then, takes away from the time available for prop- 
agational delay, thereby restricting the amount of logic 
done in a clock cycle. For high speed designs, skew 
must be minimized. 


To minimize skew, designers must tune clock traces so 
that the propagational delay from driver through each 
trace to load is the same for each load. For balanced 
loads, tuned traces have same lengths. For unbalanced 
loads, trace lengths can be adjusted to make up for 
loading differences. If possible, designers should try to 
keep the loading on each clock line the same. 


2.0 
PENTIUM® PROCESSOR, 82496 
AND 82491 SYSTEM CLOCK 
SPECIFICATIONS 


System clock specifications can be divided into 2 cate- 
gories: signal quality requirements and skew specifica- 
tions. Clock signal quality requirements are the same 
for the Pentium processor and CPU-Cache 
chip set. 


Skew specifications are only required for CPU-Cache 
chip set. 


Signal quality requirements define boundaries for ac- 
ceptable signal shapes and levels. There are two parts to 
signal quality requirements: signal quality specifications 
(Table I) and guidelines (Table 2). Please refer to the 
latest revision of the Pentium 
processor and CPU- 
Cache chip set specifications for more details and for 
the most up-to-date information. 
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Table 1. Clock Signal Quality 
Specifications 


Symbol 
(5) 
Parameter 
Minimum 
Maximum 
Unit 
Notes 


Cl.K Frequency 
33.33 
66.66 
MHz 
(1) 


t2 
Cl.K Period 
15 
ns 


t3 
cue High Time 
4 
ns 
(21 


t4 
cue low Time 
4 
ns 
(3) 


t5 
cue Rise Time 
0.15 
1.5 
ns 
(4) 


t6 
cue Fall Time 
0.15 
1.5 
ns 
(4) 


Cl.K Stability 
±250 
ps 
(6), (7), (8), (9) 


VIH 
2 
vcc + 0.3· 
V 


Vu, 
-0.3 
0.8 
V 


NOTES: 
1. Below 66 MHz only functionalityis guaranteed. 
2. High times are measuredbetween 2.0V crossing points. 
3. low times are measuredbetween o.av crossing points. 
4. Rise and fall times are measuredbetween o.av and 2.0V. 
5. Symbolsin Rgure 2. 
6. Functionalityis guaranteedby design/characterization. 
7. Measuredon rising edge of adjacent ClKs at 1.5V. 
a. To ensure a 1:1 relationship between the amplitude of the input jitter and the internal and external clocks. the jitter 
frequency spectrum should not have any power spectrum peaking between 500 KHz and 1/3 of the ClK operating frequen- 
cy. 
9. The amount of jitter present must be accounted for as a component of ClK skew between devices. 


Table 2. Clock Signal Quality 
Guidelines 


Parameter 
Maximum 
Unit 
Notes 


Overshoot 
1.6 
V 
(1) 


Undershoot 
1.6 
V 
(1) 


Ringback 
0.8 
V 
(2) 


NOTES: 
1. Overshoot (undershoot)is the absolutevalue of the maximumvoltage above vcc (or below Vss). The guideline assumes 
the absence of diodes on the input. 
2. Ringbackis the absolute value of the maximumvoltage at the receivingpin below vcc (or above Vss) relative to vcc (or 
Vss) level after the signal has reached its maximumvoltage level. The input diodes are assumedpresent. 


The overshoot guideline should be used in simulations, 
without 
diodes present, to ensure overshoot (under- 


shoot) is within 
the acceptable range. The ringback 
guideline is provided for verification 
in an actual sys- 


tern. System designers do not have to worry about ring- 
back if the signal does not overshoot or undershoot, 
respectively. Figure 2 summarizes clock waveform re- 
quirements listed in Table I. 
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Figure 2. Clock Requirements 
for the Pentium~ Processor 
and CPU-Cache 
Chip Set 


Figure 
3 to Figure 
5 illustrates 
examples of acceptable 


and unacceptable 
clock waveforms. 
Waveform 
in Fig- 
ure 3 is for an input model without 
diodes. Waveform 


in Figure 
4 is for an input model with diodes. The di- 
odes clamp the voltage and prevent it from going more 
than a diode drop above Vcc 
or below Vss. Waveform 


in Figure 
5 is for an input model without 
diodes. The 
waveform 
is not acceptable 
for several reasons. 
It vio- 
lates the minimum 
low time specification 
(4 ns), the 
maximum 
fall time specification 
(1.5 ns), and it does 


not follow the maximum 
undershoot 
guideline (1.6V). 


2-370 
1998 PentiunfJ 
Processor 
Databook 


AP-479! 
Pentiurn@ Processor 
Clock Design 


1.2ns 
Ins 


241574-3 


Figure 3. An Example 
of an Acceptable 
Clock Waveform 
(Diodes 
are Absent from the Input Model) 
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Vcc 
In gener~l.L.0~ei!iQd~ 
drop above Vcc 


In general, one diode 
drop below Vss 


~--- 
6.8ns ------,)01 
I<E:------- 
6ns ---~ 


1.4ns 
O.8ns 


241574-4 


Figure 4. An Example of an Acceptable Clock Waveform (Diodes are Present In the Input Model) 
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Vss 


80S 


Vcc 


- - 
~ 


2.0V 


20s 
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1.50s 


Figure 5. An Example 
of an Unacceptable 
Clock Waveform 
(Diodes 
Are Absent 
from the Input Model) 


Clock skews for the CPU-Cache chip set are measured 
at 0.8V, l.5V, and 2.0V on the rising edge. Worst case 
skew between the Pentium processor and the 82496 is 
0.2 ns, and worst case skew between any 82491 and 
either the Pentium processor or the 82496 is 0.7 ns. 


3.0 
AVAILABLE CLOCK DRIVERS 


Intel has held discussions with many clock driver com- 
ponent companies. The intent has been to enable these 
companies to offer clock driver solutions that meet the 
Pentiurn processor specifications. It has also been to 
ensure that the super set of these companies can pro- 
vide support and distribution worldwide on a schedule 
that closely matches the Pentium processor's availabil- 
ity. Based on information available, Table 3 lists a num- 
ber of companies who are planning to offer solutions to 
meet these requirements. All the clock drivers listed in 
Table 3 have maximum 
output 
frequency equal or 
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above 66 MHz. Preliminary data sheets show that solu- 
tions listed in Table 3 meet the CPU or CPU-Cache 
chip set requirements. 
The specifications listed are 


based on preliminary data provided by each company 
and may be subject to change. Designers should contact 
each company for the latest specifications and availabil- 
ity. Some evaluation has been done by simulating an 
example clock layout using output models supplied by a 
subset of the companies listed, along with interconnect 
models and preliminary clock input model of the CPU- 
Cache chip set. For more detail on the simulations and 
example routing, please see Section 5.0. Intel has been 
and will be working closely with the listed companies to 
ensure they have the latest specifications for the Penti- 
urn processor. With published preliminary data sheets, 
all the listed parts meet either the CPU or the chip set 
clock specifications (including the signal quality and 
skew specifications). Please contact individual manu- 
facturers for data sheets and sample availability. 
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Table 3. Clock Driver Options 


~o.8s 
8 
•... 


~oec,l 


~ 


~.•.. 


Pln- 
Part- 
tr/tl 
Driver 
level 
to-Pin 
to-Part 
Clock 
# of Outputs 
Spec'd 
Max. 
Mfgr 
Part # 
(0.8V-2.0V) 
Type 
In/Out 
Skew 
Skew 
(ns) 
Stability 
(perpkg) 
loading 
Freq. 


(ns) 
(ns) 
~ 


Intel Spec 
.. -x- 
TTlinputs 
(1) 
1.5/1.5 
±250 
ps (2) 
66MHz 


- 
- 
- 
and 


"" 
-~ 


60MHz 


AM CC 
SC35XX-1 
Buffer 
PEClor 
0.5 
1.0 
1.5/1.5 
20 Outputs 
10 pF 
80MHz 
- 


TTLlTTl 
Which Vary 


\ 
with Part # 
,. 


SC44XX·80 
Pll 
TTL/TTL 
±0.2· 
1.0 (9) 
1.5/1.5 
6-12 
Outputs 
35 pF 
80MHz 


AT&T(7) 
DA400 
PLL 
PECLor 
0.2 
0.5 
1.5/1.5 
8@1,O.5X 
50pF 
100 MHz 


TTL/TTL 
(ProgShift) 


Cypress 
CY7B991 
PLL 
TTLlTTL 
0.5 
1.2(6) 
1.5/1.5 
0.5% 
4@1X 
50n/ 
80MHz 
. 
4@1, 0.5, 0.25X 
30 pF 


ICS 
ICS2686 
PlL 
0.5 
0.6 
1.5/1.5 
5@1,O.5X 
20 pF 


Intel 
85C224-100 
Divider/ 
TTLlCMOS 
Divider 0.4 
NA 
Divider 
8@ + 1X, 
70n/ 
Divider 


Buffer/PLO 
Buffer 0.5 
1.2/1.1 
-1X,O.5X 
50 pF 
100/50 


.' 
-, 
.- 
Buffer 
, 
Buffer 133 


1.4/1.1 


Intel 
85C224-10 
Buffer/ 
TTL/CMOS 
Divider 0.4 
NA 
Divider 
8@+1X, 
70n/ 
Divider 


Divider/PLO 
Buffer 0.5 
12./1.1 
-1X,O.5X 
50 pF 
58/29 


Buffer 
Buffer 100 


1.4/1.1 


Motorola 
MC10H646 
Buffer 
PECLor 
0.5 
1.0 
1.2/1.2 
NA 
8 
50n/ 
100 MHz 


TTL/TTL 
50pF 


88915 
PLL 
TTL/CMOS 
0.5 
NA 
2.5/2.5(11 
) 
NA 
5@1X 
50n 
66MHz 


1@2X 


- 
1@.5X 


.. 
1 Inverted X 


'<t 
r--. 
(') 
N 


c::.~ 


~ 
~ 
G 
•...o 
~ 
~ec, 


~:S 
c:: 
r8: 
<, 
~ 
"tci.. 


"'::( 


@ 
J> 
e 
.- 


LO 
I'- 
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Table 3. Clock Driver Options (Continued) 


Pin· 
Part- 
tr/tt 
Driver 
Level 
te- Pin 
to-Part 
Clock 
11 of Outputs 
Spec'd 
Max. 
Mfgr 
Part 
11 
Type 
InlOut 
Skew 
Skew 
(0.8V-2.0V) 
Stability 
(perpkg) 
Loading 
Freq. 


(ns) 
(ns) 
(ns) 


National 
CGS74CT2524 
Buffer 
TTLlCMOS 
0.45 
NA 
1.5/1.5 
4 
50 pF 
100 MHz 


CGS74CT2527 
Buffer 
TTLlCMOS 
0.45 
NA 
1.5/1.5 
8 
50 pF 
100 MHz 


CGS74B2528 
Buffer 
TTLlTTL 
0.55 
NA 
1.5/1.5 
10 
50pF 
70 MHz 


Pioneer 
PI6B2407 
PLL 
TTL/TTL 
±0.25 
NA 
1.5/1.5 
100ps 
12@1, 0.5, 2X 
80MHz 
(Prog Shift) 


TI (8) 
CDC328 
Buffer 
TTL/TTL 
0.7 
NA 
1.2/0.5 
NA 
6 
500nl 
Not 


50pF 
Spec'd. 


Triquint 
GA1085 
PLL 
TTL/TTL 
0.25 
NA 
1.4/1.4 
75 ps (typ.) 
5@1X 
50n 
66 MHz 


(10) 
4@O.5X 


2@0.5X (Prog 


Shift) 


GA1086 
PLL 
TTL/TTL 
0.25 
NA 
1.4/1.4 
75 ps (typ.) 
9@1X 
50n 
66MHz 
1@0.5X 


GA1087 
PLL 
TTLlTTL 
0.25 
NA 
1.4/1.4 
75 ps (typ.) 
6@1X 
50n 
66MHz 
4@0.5X 


Vitesse 
VSL4485 
PLL 
TTLlTTL 
0.5 
NA 
1.5/1.5 
~ 
6@1X 
50pF 
70MHz 
2@1,2,4X 


VSL4586 
PLL 
TTLlTTL 
0.5 
NA 
1.5/1.5 
2@1X 
50 pF 
70MHz 
, 


6@1,2,4X 


NOTES: 
1.0.7 
ns between 
Pentium 
processor-82491, 
82496-82491, 
82491-82491. 
0.2 ns between 
Pentium 
processor-82496. 
Assumed 
0.5 ns between 
clock 
driver outputs, 
leaving 
0.2 
ns for routing 
or trace 
skew. 


2. See complete 
specification 
in Table 
1 or the data book. 


3. Manufacturers 
listed in alphabetical 
order. 


4. Contact 
manufacturers 
for price and availability 
information. 
•• 


5. Intel does 
not guarantee 
specifications 
for other 
manufacturer's 
devices. 
All clock 
driver specifications 
listed were provided 
by the manufacturer 
and are subject 
to change. 


Designers 
should 
contact 
the manufacturer 
for the latest specification Idata sheet information. 


6. As low as 0.75 ns in some 
configurations. 


7. First samples 
in March 
'93. Specifications 
may improve 
during characterization. 


8. Other 
Solutions 
are under 
development. 
Contact 
TI for preliminary 
details. 


9. Maximum 
phase 
erro quoted 
in the manufacturer's 
data sheet for the entire frequency 
range. 


10. Other 
configurations 
available. 
Contact 
Triquint 
for details. 
11. Between 
0.2 vcc and 0.8 vcc. Contact 
Motorola 
for details 
between 
0.8 and 2.0V. 


-a 
o 
.Qs 
~ 
•....o 


~e 
0.. 
) 


~ 
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AMCC offers the SC35XX-I series of buffered clock 
drivers and the SC44XX-80 series of PLL based clock 
drivers. The SC35XX-l series must be driven with a 
TTL or PECL 2X frequency input. Each member of 
the series provides 20 outputs. Depending on the specif- 
ic part within the series, these 20 outputs can be config- 
ured to provide the primary frequency, 1/2, or 1/4 the 
primary frequency. The SC3502-1 even provides 5 in- 
verted outputs of the primary frequency. The SC44XX- 
80 series must be driven with a TTL input. The PLL 
design allows for very low skew (± 200 ps) between the 
outputs.Different members of the series offer different 
numbers and configurations of outputs. Between 4 and 
8 outputs are available at the primary frequency. These 
devices also allow a subset of the outputs to be config- 
ured for 1/2X or 2X the primary frequency. In addi- 
tion, the PLL allows the outputs to be skewedin phase 
from one another. 


AT&T DA400 is a PLL clock driver. Its inputs can be 
driven by TTL or PECL levels. Eight outputs are pro- 
vided. They can be configured for the primary frequen- 
cy or 1/2X the primary frequency. In addition each 
output has a programmable delay line which allows 
1/32 or 1/64 increments of the clock period of delay 
between outputs. 


Cypress's CY7B991is a PLL clock driver. It requires a 
TTL input and is able to drive 8 outputs. A subset of 
the outputs can be configured as 1/2X, 1/4X, or invert- 
ed outputs. As with other PLL solutions, the skew 
between outputs is small and the outputs can be config- 
ured for a fixed amount of delay or skew between out- 
puts. 


ICS's ICS2686 is a PLL clock driver. Five outputs are 
available.Both primary and 1/2X frequenciesare avail- 
able. The ICS2686 has been designed to work with the 
74ABT240 type buffer to provide more than 5 outputs. 
A unique feature of the ICS2686 is the multiple feed- 
back inputs. This feature allows synchronizing multiple 
outputs at their destination or load with the input 
clock. 


Intel's 85C224-100is a "20V8" architecture program- 
mable logic device. From its TTL inputs it provides 8 
TTL outputs which can be configured to provide IX, 
IX inverted, and 1/2X versions of the primary frequen- 
cy, in any combination. When programmed to function 
as a frequency divider, the primary frequency can be as 
high as 100 MHz and the 1/2X frequency outputs will 


maintain 
output 
skew below 400 ps. When 
pro- 
grammed to operate as a straight IX buffer, it supports 
frequencies of up to 133 MHz with less than 500 ps of 
output skew. The 85C224-100provides a combination 
of superior output signal quality including fast rise and 
fall times and low output skew. A particularly unique 
feature of the 85C224-100is in its programmable logic 
circuitry. Its flexibility satisfies programmable logic 
needs such as control line signals and widespread glue 
logic. With this minimized output skew PLD, a single 
28-pin PLCC can provide low output skew clock distri- 
bution, frequency division,and programmable logic; for 
the low price of a 20V8 PLD. 


Motorola offers both a buffered and a PLL clock solu- 
tion. Motorola's lOH646 is a buffered clock driver. It 
offers both TTL and ECL inputs which supports back- 
plane routing using ECL levels.The clock driver's out- 
puts are clamped to 3V, not Vcc. 10H646's output 
stage has similar rise and fall output resistances. Similar 
rise and fall output resistances makes series termination 
easier since the termination resistance is the difference 
between the characteristic impedance of the transmis- 
sion line connecting the output to the load and the driv- 
er's output impedance. lOH646 has 8 Ix outputs. As a 
straight buffer, lOH646 does not offer any multiples of 
the input besides lx. The Motorola 88915 is a PLL 
clock driver. It provides a 0.5 ns skewbetween outputs. 
The 88915 provides 5 IX outputs along with 1 2X, 
1 0.5X, and 1 inverted X outputs. 


National's clock buffers are packaged to function reli- 
ably at high frequencies. Their output rise and fall re- 
sistances are approximately equal. The CGS74CT2524 
and 
2527 provide 
0.45 
ns of output 
skew. The 
CGS74CT2528's output skew, 0.55 ns, allows for only 
0.15 nstskew 
due to board traces or any unbalanced 
loading effects when using the 82496/82491 cache, 
however this amount may be sufficient for other cache 
solutions. These parts offer a range of 4, 8, and 10 out- 
puts. The CGS74CT2524 and 2527 have CMOS level 
outputs, which transition from rail to rail. 


Pioneer's PI6B2407 is a PLL clock driver. From its 
TTL input, it provides twelve TTL outputs, which can 
be configured to operate at IX or 2X the input frequen- 
cy. In addition, the outputs can be phase adjusted from 
the input clock. The PI6B2407 is able to provide 
± 0.25 ns of skew between outputs while maintaining 
the fast 1.5 ns rise and fall times. 
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Texas Instruments' ABT328 driver provides six outputs 
with an output skew of 0.7 ns. Please contact Texas 
Instruments for the availability of 0.5 ns output skew 
parts. 0.7 ns output skew is too large for the chip set 
application. In the design example on Section 5.0, 0.5 
ns output skew is assumed. As a buffered driver, the 
ABT328 offers only lx outputs. 


TriQuint's GAI086 is a Gallium Arsenide-based prod- 
uct. It takes a 66 MHz input and produces nine 
66 MHz outputs and one 33 MHz output. The avail- 
ability of a low skew 33 MHz output facilitates clock 
distribution for systems that have synchronous 33 MHz 
memory buses. Since the part is phase-lock-loopbased, 
one of the outputs can be fed back to the input so that 
all the outputs are synchronized with the input clock. 
Such a set up is ideal for cascading clock drivers to 
achievemaximum fanout. The specifiedoutput skew of 
the GA1086 is 0.25 ps, the smallest skew number avail- 
able. Triquint also offers the GA1085 and GA1087. 
These products are similar to the GAI086, however, 
they offer different combinations of outputs between 
IX and 0.5X. 


Vitesse's VSlA485 is also a Gallium Arsenide-based 
product. It offers lx, 2x, and 4x options on two of its 
eight outputs. Thus, to obtain both 33 MHz and 
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66 MHz signals with low skew, for example, the clock 
input frequency of the VSlA485 can be 33 MHz. For 
the chip set application, two 66 MHz outputs are not 
enough, and thus cascading another driver is necessary. 
Alternatively, the input can be 66 MHz and all of its 
outputs can be at 66 MHz. It offers0.5 ns output skew, 
and a low effective delay. In addition, VSlA485 can 
generate programmable, multiple phase relationships 
among its outputs. 


4.0 
CLOCK 
GENERATION 
FOR THE 
Pentlum® 
PROCESSOR 
AND 
THE CPU-CACHE 
CHIP SET 


Clock generation is the generation of copies of clock 
signals from a signal oscillator or any other source 
which then are distributed to the various loads. The 
function of a clock driver is to generate multiple copies 
of clocks from a single source. In general, Pentium 
processor-based systems have three types of memory 
interface: fully synchronous, divided synchronous, and 
asynchronous. Each interface requires different meth- 
ods of clock generation. The basic setup of a processor 
card is illustrated symbolically in Figure 6. Depending 
on the configuration, the Clock In signal can come 
from the memory bus or a separate oscillator. 


r Processor Card 
I 


I 
I 
I 
I 
I 


I 
I 


L 
Clock In 
----------..------~--------~--------I 


Clock out to 
corn 
nents 


Memory Bus 


Intel CPU-Cachc Chip Set 


Pentium'" 
Processor 
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Figure 6. A CPU Module with the Pentium~Processor, 
82496 and 82491 CPU·Cache 
Chip Set 
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4.1 Clock Generation for Fully 
Synchronous Systems 


A fully synchronous 
system 
is one which 
everything 
in 
the system runs synchronous 
to the CPU. 
In particular, 
the memory 
bus interface 
is synchronous 
to the CPU. 
In Figure 
6, the memory 
bus is at 66 MHz, 
synchro- 
nous to the CPU module. 
Clock In signal must be syn- 
chronous 
to the 
memory 
bus. 
Clocking 
for this 
case 
involves 
the generation 
of tightly 
controlled 
copies 
of 
clock 
signals 
that 
are 
distributed 
to 
all 
the 
clocked 
parts. 
The task of clock generation 
and distribution 
is 
the most difficult 
for this type of set up. All copies 
of 
clock signals must come from a single source, 
and must 
be 
deskewed 
appropriately. 
For 
Pentium 
processor- 
based 
systems 
that 
run 
at 66 MHz, 
the 
most 
critical 
parameter 
in choosing 
a clock driver 
is its output 
skew, 
as well as its part-to-part 
skew if more than 
one driver 
is needed. 
Since all the 
clock 
signals 
are at 66 MHz, 
only 
lx outputs 
are needed. 
All of the drivers 
listed in 
Section 
3.0 can be used here. 


For a fully synchronous 
configuration, 
it is likely that a 
single 
clock 
driver 
cannot 
provide 
enough 
copies 
of 
clock signals. Then, 
some kind of cascading 
of drivers 
is 
necessary. 
Figure 
7 shows two ways of clock generation 
by cascading 
drivers. 
Tskew is the total worst case skew 
at outputs 
of CD2 
and CD3. 
Tpp23 
is the worst 
case 
part-to-part 
skew between 
CD2 
and CD3. 
Tos2 
is the 
worst 
case output 
skew 
of CD2, 
assuming 
the 
worst 
case output 
skew of CD3 
is the same as Tos2. 
Tosl 
is 
the worst 
case output 
skew of CDl. 
Ttol2 
is the feed- 
back tolerance 
of CD2. Feedback 
tolerance 
is the phase 
tolerance 
between 
the feedback 
input 
and the reference 
clock. 
Typically, 
Ttol2 
is a small 
number. 
For 
the ex- 
amples 
in Figure 
7, it is assumed 
that only the second 
level drivers 
feed the clock signals 
to the loads. 
Other- 
wise, for part 
a, signals 
from 
CD2 
will be later 
than 
signals 
from 
CDI 
by the propagational 
delay 
of CD2 
which 
is typically 
between 
6 ns to 8 ns. 


For the examples 
in Figure 
7 clock signals for the CPU- 
Cache 
chip set must 
be derived 
from one clock 
driver 
outputs 
only so that the 0.2 ns and 0.7 ns skew specifi- 
cations 
can be met. In part a, Tskew, 
the sum ofTpp23, 
Tos2, 
and 
Tosl 
is the 
worst 
case 
skew 
which 
is the 
skew 
between 
an 
output 
of CD2, 
and 
an 
output 
of 
CD3. The output 
skew of CDI 
(Tosl) 
causes the inputs 
to CD2 and CD3 to arrive at different 
times. The differ- 
ence 
in propagational 
delay 
which 
is Tpp23, 
further 
skews the outputs 
of CD2 and CD3. If the part-to-part 
skew does 
not 
include 
output 
skew, 
different 
outputs 
from CD2 and CD3 
can also be skewed 
by the output 
skew. For 
part 
b, Tskew, 
the sum of Ttol2, 
Tos2, 
and 
Tosl, 
is also the worst case skew between 
the outputs 
of 
CD2 and the outputs 
of CD3. Once again, 
Tosl 
causes 


the inputs 
to CD2 and CD3 to arrive at different 
times. 


The feedback 
in CD2 synchronizes 
all its outputs 
in the 
input. 
The feedback 
output 
of CD2 is different 
from the 
input 
reference 
clock only by Ttol2. 
All the other 
out- 
puts 
are further 
skewed 
from 
the feedback 
output 
by 
Tos2. The analysis 
for CD3 is the same. 


C02 


COl 


Buffer 


PLLor I-----l 


B,ffer 


B,ffer 1---- 


CD3 


&. Tsb •. = Tpp23 + Tos2 +Tasl 


CDI 


I'LL or t----' 
Buffer 


cm 


b. Tsb" 
• Tdl 
+ Tes2 + Tesl 
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Figure 7. Examples of Clock Generation 


4.2 Clock Generation for Divided 
Synchronous Systems 


For 
a divided 
synchronous 
system, 
the memory 
bus is 
at 
half 
the 
speed 
of 
the 
CPU-Cache 
chip 
set; 
i.e., 


inteJ~ 
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the memory bus runs at 33 MHz for the Pentium proc- 
essor or the CPU-Cache chip set based systems. A 
33 MHz reference clock (Clock In) can come from the 
backplane from which all the clocks serving the CPU- 
cache module (Figure 6) must be synchronized. The 
memory bus controller 
(MBC) itself requires both 
33 MHz and 66 MHz clocks. For this configuration, 
clock drivers that 
can provide both 
33 MHz 
and 
66 MHz outputs are needed. 


There are several ways of providing the two frequen- 
cies. They are shown in Figure 8 through Figure 12. 
Tskew is the worst skew between 33 MHz signals and 
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66 MHz signals. The skews among 66 MHz signals or 
among 33 MHz signals are simply the output skew of 
the driving devices. Ttolpll is the PLL CLK doubler or 
PLL CLK divider's feedback tolerance. Tospll is the 
PLL CLK doubler or PLL CLK divider's worst case 
output skew. Tppbufis the worst case part-to-part skew 
of the second level buffers. Those buffers can be phase- 
lock-loops also in which case Tppbuf is the feedback 
tolerance of the PLLs if feedback is used. Tosbuf is the 
worst case output skew of the second level buffers. Tosl 
is the output skew of COl, Ttol2 is the feedback toler- 
ance of C02, and Tos2 is the output skew of C02. 


~ 
J 
66MHz 
/ 
~ 
33MHz 
PLL 
Buffer 
/ 
r 


r 
Clkdoubler 


Buffer 
/ 
/ 


Feedback for PLL locking 
.Multiple 66MHz 
outputs for 
CPU-Cache 
chip set 


Multiple 33MHz 
outputs for MBC 
and others 


NOTE: 
Tskew 
(between 
33 and 66) = Ttolpll + Tospll + Tppbuf + Tosbuf 
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Figure 8. Clock Generation Using Clock Doubler 
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/ 
CPU-Cache 
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J 
66MHz 
33MHz 
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Clkdoubler 
/ 
Multiple 33MHz 
33MHz 
Buffer 
outputs for MBC 
/ 
and others 


241574-9 


NOTE: 
Tskew 
(between 
33 and 66) = Tospll + Tppbuf + Tosbuf 


Figure 9. Clock Generation Using Clock Doubler 
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Figure 10.Clock Generation Using Clock Divider 
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Figure 11.Clock Generation Using Two PLLs 
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Multiple 33MHz 
J-----,r_--+ outputs for MBC 


and others 
C02 


Figure 
12. Clock 
Generation 
Using Two 
PLLs 


Since the outputs of the first level PLL eLK doublers 
and dividers go directly to inputs of another clock driv- 
er, the signal quality requirements of these outputs are 
not as stringent as if the outputs drive the loads of the 
Pentium processor and others. One of the functions of a 
clock driver is to buffer and clean up a clock signal in 
addition to generating multiple copies of the same. 
However, the output skew of the PLL used for the first 
level is very important. Depending if feedback is used, 
the feedbacktolerance is of importance. When choosing 
a clock driver, also be sure that its maximum output 
frequency is greater than 66 MHz for 66 MHz outputs 
and 33 MHz for 33 MHz outputs. The parts listed in 
Table 4 and Table 5 are examples of devicesthat can be 
used as first level drivers as illustrated in Figure 8 
through Figure 12. 


Table 
4. List of Clock 
Doubler 
Parts 


Manufacturer 
Part 
11 
Driver 
11 of Outputs 
Type 
(per pkg) 


Motorola 
88915 
PLL 
1 @ 2x 
6 @ lx (1) 
1 @ O.5x 


Motorola 
88916 
PLL 
1 @ 2x 
4@lx(1) 
1 @ O.5x 


TI 
ABT338 
PLL 
1 @2x 
4@ lx 
1 @ O.5x 


Vitesse 
VSL4485 
PLL 
6 @ lx 
2 @ 1,2, or 4x 


NOTES: 
1. One of the outputs is inverted. 
2. This list is not meant to be complete. Other solutions 
may be available. 
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The phase-lock-loop drivers listed in Table 4 can be 
used to drive the Pentium processor loads directly if 
only one copy of 66 MHz clock signal is needed. In this 
case, the second level buffers are not necessary if the 
driver used can provide enough 33 MHz copies. InteI 
has not done formal analysis on these parts. 


Table 
5. List of Clock 
Divider 
Parts 


Manufacturer 
Part 
11 
Driver 
11 of Outputs 
Type 
(per pkg) 


Motorola 
88915 
PLL 
1 @ 2x 
e e ixrn 
1 @ 0.5x 


Motorola 
88916 
PLL 
1 @ 2x 
4@lx(1) 
1 @ 0.5x 


Texas Instruments 
ABT338 
PLL 
1 @ 2x 
4 @ lx 
1 @ 0.5x 


Texas Instruments 
ABT337 
Buffer 
4@ lx 
4@0.5x 
Texas Instruments 
ABT339 
Buffer 
4 @ lx 
4 @ 0.5x 


TriQuint 
GAl 086 
PLL 
9 @ lx 
1 @ 0.5x 


NOTES: 
1. One of the outputs is inverted. 
2. This list is not meant to be complete. Other solutions 
may be available. 
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Table 5 lists examples of clock drivers that offer divided 
by 2 outputs. These devices can be used as the first level 
drivers illustrated in Figure 8 through Figure 12. De- 
pending on the number of 66 MHz copiesand 33 MHz 
copies needed, the second level buffers may not be nec- 
essary. Again, Intel has not performed any formal anal- 
ysis on these parts. 


4.3 
Clock Generation 
for 
Asynchronous 
Systems 


If the memory bus is not synchronized with the CPU or 
CPU-cache module, clock generation for the system is 
easier compared with the two configurations 
above. 
However, clock synchronization for the Pentium proc- 
essor, 82496, and 82491, as well as the clocks for the 
MBC is still a concern. In order for the'MBC to com- 
municate properly with the CPU-Cache chip set, some 
synchronized clocks at 66 MHz are needed. Since the 
system is asynchronous to the CPU-Cache-chip set, the 
number of synchronous MBC clock signals is less than 
the synchronous case. The examples in Section 5.0 il- 
lustrate how the synchronization is done. Since the sys- 
tem is asynchronous, 
one can use a different clock 
source for the CPU-Cache chip set from the rest of the 
system. 


5.0 
Pentium® 
PROCESSOR 
WITH 
256K 82496/82491 
SECOND 
LEVEL CACHE 
CLOCK 
DISTRIBUTION 
DESIGN 
EXAMPLES 


After a clock generation scheme is determined, careful 
analysis must be done on clock distribution to ensure 


minimal skew and proper rise and fall times. Clock dis- 
tribution is the connection between clock driver outputs 
and clock inputs of the components that need clocking. 
Preliminary analysis has been done on several of the 
drivers listed in Section 3.0. The following examples 
show in detail how to terminate 
transmission 
lines 
properly, tune clock traces to minimize board trace 
skew, and validate the usefulness of the drivers to the 
CPU-Cache chip set using models from the manufac- 
turers. The examples have been done using preliminary 
or typical models for the devices involved. They are 
meant as an example of the process designers can use 
when selecting and routing. a clock circuit. Although 
the examples only show the clock distribution for the 
CPU-Cache chip set, the same principles can be applied 
to distribution to the memory bus controller (MBC) 
and other parts. 


5.1 
Clock Routing for the 256K CPU- 
Cache Chip Set 


Analysis for CPU-Cache chip set clock routing is done 
using first order input models for the three chips, 
shown in Figure 13. Specific to CLK inputs, the models 
shown are typical models based on on-going simulation 
efforts, and are subject to change. Refer to the Intel 
data books or contact Intel for the latest models (in- 
cluding minimum and maximum conditions). The mod- 
els include package inductance, package capacitance, 
and input buffer capacitance of the clock pins. 
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7.28 nH 
6.88 nH 
l 
l 


l~PF 
JPF 
~66PF 
~88PF 


Pentium ® Processor 
82496 Clock Input Model 
Clock Input Model 


8.1 nH l 
J4PF 


82491 Clock Input Model 


Figure 
13. Pentiumil!> Processor, 
82496 and 82491 Clock 
Input 
Models 
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Figure 
14. CLKO Layout 
for 256K Chip Set with Parit~( 
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Figure 15. CLK1 Layout for 256K Chip Set with Parity 
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Figure 16. CLK2 Layout for 256K Chip Set with Parity 
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Figure 17. CLK3 Layout for 256K Chip Set with Parity 
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- 
. 
sees can be treated as two resistors in parallel. In other 
words, the driver output sees half the impedance for 
CLKO, CLKl, 
and CLK2. The advantage of this 
scheme is that the value of the termination resistor is 
reduced dramatically. A smaller termination resistor 
helps faster rise and fall times. For CLK3, the branch 
off is at the end of the line, and thus the driver output 
sees the full characteristic impedance. 


To achieve minimal skew, all the loads should be bal- 
anced, i.e., all the loads should be the same. For this 
design example, CLKl and CLK2 have about twice the 
loads of CLKOand CLK3. The load imbalance will add 
to the output skew quoted by manufacturers since on 
data sheets, manufacturers generally quote output skew 
for balanced loads. Since heavier loads seethe transmit- 
ted signal later than lighter loads assuming the trans- 
mission lines are of the same length, traces for the light- 
er loads can be made longer to compensate for the dis- 
crepancy. CLKO and CLK3 have longer traces from 
driver output to load than CLKl and CLK2 traces. 
Since heavier loads (higher capacitance) have a longer 
rise time, and since for the CPU-Cache chip set skew 
measurements are taken at 0.8V, 1.5V, and 2.0V, to 
minimize skew at all free points, the termination resis- 
tors for CLK 1 and CLK2 should be smaller than the 
termination resistors on CLKO.However, a smaller ter- 
mination resistor than the value needed to perfectly ter- 
minate the line will result in a larger undershoot. When 
choosing termination values, it is a trade off among 
rise/fall times, skew, and undershoot. 


When choosing a termination value, it is important to 
know the output impedance of the driver. For many 
TTL drivers, output rise impedance is different from 
output fall impedance. [Reference 3, Section 91 shows 
how to measure output impedance, or the driver manu- 
facturer can be contacted for the information. Typical- 
ly, output fall impedance is 5n-lOn, 
and rise imped- 


ance is 5n-50n. 


5.2 
Analysis of Drivers Used in 
Examples 


Output 
models 
for 
MCIOH646, 
CGS74CT2527, 


GAI086, and VSL4485are used to drive the clock net- 
work described in Section 5.1. The clock networks 
shown in Figure 14 through Figure 17 were used. The 
simulations assume no variation in characteristic im- 
pedance and propagation speed for the board traces. 
Fast and slow simulations were performed. Three sig- 
ma clock driver models are used when available. Board 
traces are assumed to have plus/minus 10% variation 
in characteristic impedance and propagational speed. 
Table 6 shows the range of trace characteristics. Slow 
simulations assume the highest operating temperature 
the drivers expect to see, and slow interconnect charac- 
teristics. Fast simulations assume operating tempera- 
ture to be zero and fast interconnect characteristics. 


Table 6. Interconnect Characteristics 


Corner 
Trace 
ZO(1) 
TD(2) 


Type 
(n) 
(nslft) 


Slow 
Inner 
58.5 
2.41 


Fast 
Inner 
71.5 
1.85 


Slow 
Surface 
72 
2.05 


Fast 
Surface 
108 
1.35 


NOTES: 
1. Characteristic 
Impedance 
2. Propagational 
Speed 


Since simulation can only account for skew due to 
board trace and load imbalance, total skew is assumed 
to be the sum of the worst case output skew published 
by driver manufacturers and skew from simulation. 
Skewfrom simulation is derived by using identical driv- 
er models for each driver output, thus assuming zero 
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output 
skew. The board 
traces 
and termination 
resist- 


ances are tuned 
with 0.5 ns output 
skew in mind which 
leaves 0.2 ns for trace 
skew. 
For 
TriQuint's 
GA1086, 
the output 
skew is 0.25 ns; thus, 
there 
is a larger 
win- 


dow for trace skew. Table 
7 summarizes 
simulation 
re- 
sults of the tightest 
parameters 
for each driver. 
All of 
the drivers 
can meet the 4 ns minimum 
high and low 
times easily. Most clock drivers 
guarantee 
a 45/55 
duty 
cycle, which 
exceeds 
Intel's 
requirement. 


Series 
termination 
resistors 
are 
chosen 
to mmumze 
skew and undershoot. 
To achieve 
similar 
rise time for 


each load, termination 
resistance 
values are smaller 
for 
heavier 
loaded 
lines 
such 
as CLK1 
and 
CLK2 
com- 


pared 
to the resistance 
values 
for CLKO. 
Since CLK3 


splits off at the end of the line, its termination 
value is 


about 
twice 
as CLKO's. 
Table 
8 lists the termination 


values for each line and for each driver. 
Waveforms 
for 


each driver 
are attached. 
Notice 
the signals at the CLK 
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input 
for each load is relatively 
clean 
whereas 
the sig- 


nals at the driver 
side are not. 
Since the clock 
signals 


are only important 
to the component 
receiving 
the sig- 


nal, 
how 
dirty 
the 
signal 
is at the 
driver 
end 
is not 


important, 
providing 
that the signal does not cause any 


damage 
or other 
ill effects on the driver. 


Figures 
attached 
in this section 
show 
some waveforms 


from the simulations. 
V(201) is the voltage 
at the Penti- 


urn processor 
clock input, 
V(202) 
is the voltage 
at the 


82496 
clock 
input, 
and 
V(213), 
V(214), 
V(217), 
and 


V(218) 
are voltages 
at the 
82491 clock 
inputs 
for the 
82491s on CLK1 
line. For 74CT2527, 
V(8) is the volt- 


age at driver 
output, 
V(l00) 
is the voltage 
at the junc- 
tion of the series termination 
resistor 
and the beginning 


of board 
trace. 
For 
lOH646, 
V(9) is the voltage 
at driv- 


er output, 
V(20) 
is the voltage 
at the junction 
of the 
series termination 
resistor 
and the beginning 
of board 


trace. 


Table 7 Compilation of Simulation Data 


WorstSkew 
WorstSkew 
WorstSkew 
Undershoot 
Tr/Tf 


Clock 
P5-C5C 
C8C-Others 
C8C (No Parity) 
(-mV)(3) 
(ns)(4) 
'Mr. 
Driver 
(ns)(I) 
(ns) 
(ns)(2) 


Slow 
Fast 
Spec 
Slow 
Fast 
Spec 
Slow 
Fast 
Spec 
Slow 
Fast 
Spec 
Slow 
Fast 
Spec 


Motorola 
10H646 
0.021 
0.023 
0.2 
0.65 
0.67 
0.7 
0.65 
0.67 
0.7 
468 
816 
1600 
0.901 
0.74/ 
1.5/ 
1.13 
0.67 
1.5 


National 
74CT2527 
0.0071 
(5) 
0.2 
0.67 
(5) 
0.7 
0.61 
(5) 
0.7 
285 
(5) 
1600 
1.14/ 
(5) 
1.5/ 
0.42 
1.5 


TriCluint 
GAl 086 
0 
0 
0.2 
0'.55 
0.45 
0.7 
0.45 
0.45 
0.7 
150 
400 
1600 
0.9/ 
0.6/ 
1.5/ 
1.9 
1.2 
1.5 
(6) 


Vitesse 
VSL4485 
0.02 
0.05 
0.2 
0.7 
0.57 
0.7 
0.66 
0.57 
0.7 
275 
800 
1600 
0.95/ 
0.78/ 
1.5/ 
0.78 
0.6 
1.5 


NOTES: 
1. All Skews are worst case numbers 
2. Nett using the parity chips 
3. Worst Undershoot 
of all the ClK nodes 


4. Slowest rise and fall times of all the ClK nodes 
5. Only typical model at 2S"C is available. Thus, only simulation performed 
is with slow interconnect 
corner 
6. Simulation done on driver slow corner. Device specification for tf is 1.4 ns worst case. Device was still under development 
when simulation was done. Please 
contact TriQuint for more information. 
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Clock distribution method for the memory bus control- 
ler (MBC) is very similar to that of the chip set. When 
distributing clocks for the MBC, be sure to load each 
driver output with similar loads as for the chip set, and 
route clock traces with similar lengths as for the chip 
set. For example, CLKI and CLK2 have an aggregate 
load of about 20 pF, and the total clock trace length is 
about 7" from driver output to a load. To minimize the 
clock skew of the MBC clock from loads on CLKI and 
CLK2 lines, the clock lines should fan out 2.9 pF per 
inch. Also, be sure to terminate the line properly. It is 
important to keep the loading similar to the loadings on 
clock lines of the chip set if skew is to be kept close to 
0.7 ns. Adjusting trace lengths and termination resist- 
ance can compensate for load imbalance to a degree, 
but not perfectly and not always. 


Simulations results provided here are based on best 
available models at the time. Some models were for 
parts still under development at the time of simulation. 
Therefore, the simulation results are subject to change. 
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Table 
8. Series 
Termination 
Resistor 
Values 
for Each Line 


Manufacturer 
Clock 
CLKLine 
Rt 
(0) 


Motoroia 
10H646 
CLKO 
26 
CLK1 
20 
CLK2 
20 
CLK3 
59 


National 
74CT2527 
CLKO 
20 
CLK1 
15 


~, 
f 
_ 
, 
CLK2 
15 
.' 
CLK3 
45 


TriQuint 
GA1086 
CLKO 
30 
CLK1 
30 
CLK2 
30 
CLK3 
50 


Vitesse 
VSL4485 
CLKO 
32 
CLK1 
23 
. 
, 
- 
- 
CLK2 
23 


I 
CLK3 
48 
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Figure 20. Vltesse 
(Slow) Waveform 
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Figure 21. Vltesse 
(Slow) Waveform 
(Continued) 
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Figure 22. Vltesse (Fast) Waveform 
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Figure 23. Trlqulnt Waveform 
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Figure 24. Trlqulnt Waveform (Continued) 


, 
.... 
I... 


:... 


1998 Pentiurrf1JiProcessor 
Databook 


, 


2-397 


AP-479! 
Pentium@ Processor 
Clock Design 


6.0 
Pentlum® 
PROCESSOR 
WITH 
512K 82496/82491 
SECOND 
LEVEL CACHE 
CLOCK 
DISTRIBUTION 
ISSUES 


Clock distribution for 512K CPU-Cache chip set can be 
done in the same way as for the 256K chip set. Since 
there are more SRAM chips for the 512K cache, there 
are more loads that need clocking. Including parity, 
there are 18 82491s. Once again, the same principles 
apply. Keep the driver loading as close to balanced as 
possible. Tune traces and adjust termination resistance 
so that skew is minimized. 


7.0 
CLOCK 
DISTRIBUTION 
FOR THE 
Pentlum® 
PROCESSOR 
WITH 
OTHER 
SECOND 
LEVEL 
CACHES 


The Pentium processor can be used with cache configu- 
rations other than with the 82496 and 82491, as well as, 
without a second level cache. With other caches, the 
first thing that must be done is to decide how much 
skew is tolerable. Then, decide on which clock driver to 
use and carefully layout clock signals for distribution. 
If skew requirements do not exceed the CPU-Cache 
chip set requirements, the same drivers and the same 
distribution can be used. Design examples in Section 
5.0 serve as a guide to how to distribute clocks for Pen- 
tium processor systems with tight skew. 


If the Pentium processor is used without a second level 
cache, and only a small number of 66 MHz signals are 
needed, there are a few more options for clock drivers. 
For example, Motorola's 88915 has one 2x output that 
can run to maximum 70 MHz. Texas Instruments has 
the ABT337, 338, and 339 that can provide four copies 
of 66 MHz signals. 


8.0 
SUMMARY 


At high speeds, clock synchronization becomes a diffi- 
cult problem. Clock traces must be treated as transmis- 
sion lines. Proper termination must be given to the lines 
to ensure good signal quality. The Pentium processor, 
with operating frequencies of 60 MHz and 66 MHz, has 
tight clock requirements. 
Together 
with the 82496 
Cache Controller and 82491 Cache SRAM, the CPU- 
Cache chip set must be synchronized with minimal 
skew. 


For the Pentium processor clocking, the most critical 
parameters are skew and rise and fall times. Depending 
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on the memory interface to the CPU-Cache chip set, 
there are many ways of generating multiple copies of 
clock signals. 


Fully synchronous designs need to route 66 MHz only, 
but with minimal skew for all of them. Divided syn- 
chronous designs require both 66 MHz and 33 MHz 
signals. Asynchronous designs need to worry about the 
CPU-Cache chip set clock generation and distribution 
as well as the MBC. 


Several clock drivers have been analyzed in detail with 
carefully tuned clock routing and the proper termina- 
tion such that the clock signals transmitted to the Pen- 
tium processor, 82496, and 82491 meet all the timing 
requirements of the Intel chip set parts. Loading on a 
clock driver should be as balanced as possible. Clock 
traces should have equivalent length from driver output 
to load. The clock lines should be terminated properly 
to minimize reflections. 


The same design principles used in the 256K CPU- 
Cache chip set clocking example can be applied to oth- 
er CPU-cache configurations, or to a cacheless inter- 
face. 


This application note has listed a number of devices 
from several different manufacturers. 
The purpose of 
this list is to supply a starting point for finding a clock- 
ing solution that meets each system's specific require- 
ments. The lists provided are not meant as an endorse- 
ment or guarantee of the devices listed. In addition, 
these lists are not a complete listing of devices. These or 
other manufacturers may offer additional devices that 
meet the clock specifications for the Pentium processor. 


9.0 
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Designing with the Pentiumw 
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Set, Order Number: 241576. 


3. Jolly, Rich, Clock Design in 50 MHz Intel486™ Sys- 
tems, Application Note AP-453, 1991, Intel Corpo- 
ration, Santa Clara, CA. 
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APPENDIX 
A 
CLOCK DRIVER MANUFACTURERS 


The following is a list of contacts for the clock driver 
manufacturers listed in this application note. It is not 
meant to be an exhaustive list of all possible solutions. 
It is meant as a starting point for system designers to 
assist in fmding a clock solution that meets their system 
requirements. 


AMCC 


United States: 
Headquarters 
6195 Lusk Boulevard 
San Diego, CA 92121-2793 
Ph: 619-450-9333 or 800-PLL-AMCC (755-2622) 
FAX: 619-450-9885 


Europe: 


Amega Electronics 
Basingstoke, RG240PF, 
U.K. 


Ph: 011/44-256-843166 


Japan: 


Teksel Co., Ltd. 
Kawasaki 213 
Tokyo, Japan 
Ph: 011/81-448127430 


Israel: 


ElM 
Petach Tiqva, Israel 
Ph: 011/972-3-9233257 


AT&T Microelectronics 


AT&T Customer Response Center 
Ph: 300-372-2447 x773 


Danny George 
555 
nion Blvd. 


Allentown, PA 18103 
50N2G2100 
Ph: 215-439-6697 


Cypress 


Sean Dingman 
3901 N. 1st St. 
San Jose, CA 95134 
408-943-2743 
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Bruce Rogers 
Technical Marketing Manager 
2626 Van Buren Ave. 
P.O. Box 968 
Valley Forge, PA 19482 
215-666-1900 


Intel PLD DU International 
Contact List 


United States: 


John Van Sack 
Intel Corporation 
FM4-42 
1900 Prairie City Road 
Folsom, CA 95630 
Ph: (916) 356-3964 
FAX: (916) 356-6949 


Europe: 


Tony O'Sullivan 
Intel Corporation GmbH 
Domacher Str. 1 
PostFach 213 
D-8016 FeldKirchen/Munchen 
Germany 
Ph: (49) 89/90992-340 
FAX: (49)89/9043948 


Japan: 


Norikazu Aoki 
5-6 Tokodia, Tsukuba-shi 
Ibaraki-Ken 300-26 
Japan 
Ph: 0298-47-0721 
FAX: 0298-47-8819 


APAC: 


Eric Chan 
Intel Technology SDN BHD 
Bayan Lepas Free Trade Zone, 
Box 121 
11900 Penang 
Malaysia 
Ph: 604-820-7271 
FAX: 604-836-405 
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Motorola Inc. 


Todd Pearson 
Motorola Inc 
2200 W. Broadway Rd. 
Mesa, Arizona 85202 
USA 
Ph: (602) 962-3410 


Masanori Matsubara 
Nippon Motorola LTD 
3-20-1, Minami-Azabu 
Minato Ku, Tokyo 106 
Japan 
Ph: 81-33-280-8383 


Axel Krepil 
Motorola GMBH 
Schatzbogen 7 
8000 Munchen 81 
Germany 
Ph: 49-89-92103-167 


Derek Leung 
Motorola Hong Kong LTD 
Silicon Harbour Center 
2 Dai King Street 
Taipo Industrial Estate 
Taipo N. T. Hong. Kong 
Ph: 852-666-8194 


National Semiconductor 


National Semiconductor 
Santa Clara, CA 
Tony Ochoa 
Ph: 408-721-6804 
Ph: 800-272-9959 


Pioneer Semiconductor 


Joe Kraus 
2343 Bering Dr. 
San Jose, CA 95131 
Ph: 408-435-0800 
FAX: 408-435-1100 
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Texas Instruments 


United States: 


Steve Plote 
Program Manager 
CLOCK DRIVERS 
8330 LBJ Freeway, Center 3 
P.O. Box 655303 
Dallas, Texas 75265 
Ph: 214-997-5214 


Brett Clark 
Applications Engineer 
Ph: 903-868-5836 


Japan: 


Mich Komatsu 
Texas Instruments Japan LTD. 
M.S. Shibaura Bldg. 13-23 
Shibaura 4-Chome 
Minato-ku Tokyo, 108 Japan 
Ph: 033-769-8717 


Asia Pacific 
Region: 


Eric Wey 
Texas Instruments Taiwan LTD. 
Taipei Branch 
IOF Bank Tower, 205 Tung Hua N. 
Taipei, Taiwan ROC 
Ph: 886-2-713-9311 


Europe: 


Lothar Katz 
Texas Instruments 
8050 Freising, Fed. Rep. of Ger. 
Deutschland GMBH 
Haggertystr. I 
Ph: 49-816-80314 


TriQuint Semiconductor 


United States: 


Marketing, Sunil Sanghavi 
(408) 982-0900 x142, FAX (408) 982-0222 
Western Sales, Mark Wu 
(408) 982-0900 xl 13, FAX (408) 982-0222 
Central Sales, John Watson 
(214) 422-2532, FAX (214) 423-4947 
East Sales, Mike Zyla 
(215) 493-6944, FAX (215) 493-7418 
International, Mike Kilgore 
(503) 644-3535 x228, FAX (503) 644-3198 
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Europe 
- GiGA A/S 


Fin Helmer, 
President 
45-4-343-1588, 
FAX 
45-4-343-5967 


Japan: 


Japan 
- Japan Macnica 
Corp. 


Shin Ishikawa, 
Product 
Manager 
045-939-9140, 
FAX 
045-939-6141 


H.Y. Associates 
Co., LTD. 


3-1-10, Sekimachikita, 
Nerima-Ku 
Tokyo, 
177 Japan 
Ph: 81-33-929-7111 
FAX: 
81-33-928-0301 


Vitesse 
Semiconductor 
Korea: 


United States: 


Corporate 
Headquarters 
Vitesse 
Semiconductor 
Corporation 
741 Cane Piano 
Camarillo, 
CA 93012 
Ph: 805-388-7501 
FAX: 
805-388-7565 


Beaver 
International, 
Inc. 


3601 Deauville 
Court 
Calabasas, 
CA 91302 
Ph: 818-591-0356 
FAX: 
818-591-0753 


Taiwan: 


Europe: 


Thomson 
Composants 
Micronodes 
Route 
Departementale 
128 B.P. 48 
91401 Orsay 
Cedex France 
Ph: 33-1-60-19-7000 
FAX: 
33-1-60-19-7140 


Tamarack 
Microelectronics 
16 Fl., No. 
I, Fu-Hsing 
N. Road 
Taipei, 
Taiwan, 
ROC 
Ph: 886-2-772-7400 
FAX: 
886-2-776-0545 
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frequency 
of 166/66 (EMBMOD166) 


• 
Processor 
(host) reference 
and PCI clock 
generation 


• 
Voltage regulation 
supports 
processor 
core input voltage 
of 2.9 V (EMBMOD133) 
or 2.45 V (EMBMOD166) 


PC12.1 compliant 
Integrated 
second-level 
cache 
controller 
Integrated 
DRAM controller 
Optional 
parity 
Optional 
error checking 
and 
correction 


The Intel Embedded 
Processor 
Module 
is a fundamental 
building 
block for the embedded 
system 
designer. 


The 
Intel 
Embedded 
Processor 
Module 
incorporates 
an 
Intel 
Pentium~ 
processor, 
a 
256-Kbyte 


(EMBMOD133) 
or 512-Kbyte 
(EMBMOD166) 
second-level 
cache, 
an Intel 430HX 
PClset 
82439HX 
System 
Controller 
(TXC), a clock generator 
and a voltage 
regulator 
on a single printed circuit board. 


The 
Mobile 
Pentiu~ 
Processor 
with 
MMXTM Technology 
and 
the 
Pentiu~ 
Processor 
with 
Voltage 
Reduction 
Technology 
may contain 
design defects 
or errors known as errata which may cause the product to 
deviate from published 
specifications. 
Current 
characterized 
errata are available 
on request. 


November 
1997 
Order Number: 
273105-003 
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1.0 
Introduction 


The Intel Embedded Processor Module is a funda- 
mental building block for the embedded system 
designer. The Intel Embedded Processor Module 
incorporates an Intel Pentium<IDprocessor, a 256- 
Kbyte or 512-Kbyte second level cache, an Intel 
430HX PClset 82439HX System Controller (TXC), a 
clock generator and a voltage regulator on a single 
printed circuit board. 


\ 
Intel's PClset architecture allows for physical parti- 
tioning 
at 
both 
the 
PCI and 
DRAM interface. 


Therefore the electrical interconnect defined for the 
Intel Embedded Processor Module includes the PCI 
bus, DRAM memory bus and some additional PCI 
sideband signals. An on-board voltage regulator 
provides the DC conversion from the system DC 
voltage to the processor's core voltage. 


Intel Embedded 
Processor 
Module 


Building 
around the 
modular 
design 
gives 
the 


embedded system manufacturer these advantages: 


• Avoids complexities associated with designing 


high-speed processor core logic boards 


• No requirement for manufacturing capabilities on 


the Tape Carrier Package (TCP) processors 


• Faster Time to Market 
• Future modules provide an upgrade path using a 


standard interface 


The 430HX PClset consists of two VLSI devices: the 
82439HX 
System 
Controller 
(TXC), 
and 
the 


82371SB PCI ISA IDE Xcelerator 
(PIIX3). The 


system 
manufacturer's 
motherboard 
which 


connects to the module must include the PIIX3 
device. 


Clock Generator 


66,33 MHz 
66MHz 
33 MHz 


Pentium<ID 
Processor 


Control 


Control 


Cache 
2560r512 
Tag 
Kbyte 


Data Bus 


Address Bus 


82439HX 


System Controller 


PCICLK_IN 


PCI 
Bus 


PCI Bus and Misc. Control Connector 


Figure 1. Intel Embedded Processor Module Block Diagram 
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Processor 
Module 


1.1 
Related Documents 


• Intel Packaging 
Handbook, 
order number 
240800 


• AP-757, 
Embedded 
Processor 
Module 
Design 
Guide, order numbe! 
273120 


• AP-759, 
Embedded 
Processor 
Module 
Thermal 
Design Guide, order number 
273143 


• PentiufT'll) Processor 
with Voltage Reduction 
Technology 
at 751100112011331150 MHz 
datasheet, 
order number 
242557 
(EMBMOD133) 


• Mobile PentiufT'll) Processor 
with MMXTM 
Technology 
datasheet, 
order number 
243292 
(EMBMOD166) 


• PentiufT'll) Processor 
Family Developer's 
Manual, 
order number 241428 


• Intel Architecture 
Software 
Developer's 
Manual 
Vols. 1 and 2, order numbers 
243190 
and 243191 


• Intel 430HX 
PClset 
82439HX 
System 
Control/er 
(TXC) datasheet, 
order number 
290551 


• Intel 430HX 
PClset 
82439HX 
System 
Control/er 
(TXC) Timing Specification, 
order number 
272945 


2.0 
Module Connector 
Interface 


2.1 
Signal Description 


Table 
1 provides 
a list of Intel Embedded 
Processor 
Module 
signals 
by category 
and the corresponding 
number of signals 
in each category. 
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Table 
1. Module 
Connector 
Signal 
Summary 


Signal 
Group 
Number 


Memory 
103 


PCI Bus 
56 


Processor/PIIX3 
sideband 
10 


Clocks 
10 


Voltage: 
3.3 V 
·27 


Voltage: 
5.0 V 
9 


ITP/JTAG 
',' 
1 


Ground 
30 


Reserved/NC 
14 


Total 
260 


Table 
2 describes 
the 
nomenclature 
used 
in the 
connector 
signal cescrlptton 
tables in this section. 


Table 
2. Signal 
Description 
Nomenclature 


Type 
Description 


# 
The si~lnal is active low 


I 
Standard 
input signal 


0 
Standard 
output signal 


I/O 
Input and output signal 


5V 
5 V signal 


3V 
3 V signal 


3V/5V 
3 V signal/5V 
tolerant 


TTL 
Supports 
TTL levels 
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Intel Embedded 
Processor 
Module 


2.2 
J1 Connector 
Signal 
Description 
(120-Pin) 


Table 3 lists the Intel Embedded 
Processor 
Module J1 interface 
signals. The 120-pin J1 connector 
contains 
the 
PCI, processor/PIIX3 
sideband, 
Power, Ground, 
and ciock signals. 


Table 3. 
J1 Connector 
Signal 
Description 
(Sheet 1 of 3) 


Signal' 
Type 
Description 


COREV_SENSE 
0 
Power 
Good 
on processor 
core. 


3.3V 
I 
3.3 Volt supply voltage. 


1:!MHZ 
0 
12 MHz Clock 
Signal: 
Keyboard 
Clock. 


14.318MHZ 
0 
14.318 MHz Reference 
Clock. 


24MHZ 
0 
24 MHz Clock 
Signal: 
1/0 Clock. 


A:WM# 
I 
Address 
Bit 20 Mask: 
When enabled, 
this causes 
the processor 
to emulate 
the address 
wraparound 
at 1 Mbyte, which occurs on the Intel 8086 


, 
processor. 


AD[31:0) 
1/0 
AddresslData 
is the standard 
PCI address 
and data lines. An address 
is 
5V 
driven with FRAME# 
assertion. 
Data is driven or received 
in following 
clocks. 


C/BE[3:0)# 
1/0 
Command/Byte 
Enable: 
The command 
is driven with FRAME# 
assertion. 


5V 
Byte enables 
corresponding 
to supplied 
or requested 
data are driven on 
following 
clocks. 


CPURST 
12 
CPU Reset: 
The PIIX3 asserts 
CPURST 
to reset the CPU. The PIIX3 asserts 
CPURST 
during power-up 
and when a hard reset sequence 
is initiated 
through the RC register. 
CPURST 
is driven synchronously 
to the rising edge 
of PCICLK. 
When a hard reset is initiated through 
the RC register, 
the PIIX3 
resets its internal 
registers 
to the default state. 


DBRST 
0 
Debugger 
Reset 
Output: 
A debugger 
may assert 
DBRESET 
(high) while 


performing 
a "Reset All" or "Reset Targer' 
debugger 
commands. 
Connect 


DBRESET 
to the system 
reset circuitry 
such that the system 
and processor 


are reset when DBRESET 
is asserted. 
This signal is asynchronous. 


DEVSEL# 
1/0 
Device 
Select: 
This signal is driven by the TXC when a PCI initiator 
is 
5V 
attempting 
to access 
DRAM. 
DEVSEL# 
is asserted 
at medium 
decode 
time. 


FERR# 
0 
Numeric 
Coprocessor 
Error: 
This signal is tied to the coprocessor 
error 


signal on the CPU. IGNNE# 
is only used when the PIIX3 coprocessor 
error 
reporting 
function 
is enabled 
in the XBCSA 
Register. 
When 
FERR# 
is 
asserted, 
the PIIX3 generates 
an internal IRQ13 to its interrupt 
controller 
unit. 


The PIIX3 then asserts 
the INTR output to the CPU. FERR# 
is also used to 
gate the IGNNE# 
signal to ensure that IGNNE# 
is not asserted 
to the CPU 
unless FERR# is active. 
FERR# has a weak internal pull-up 
used to ensure a 
high level when the coprocessor 
error function 
is disabled. 


FRJ\ME# 
1/0 
Frame: 
Assertion 
indicates 
the address 
phase of a PCI transfer. 
Negation 
5V 
indicates 
that one more data transfer 
is desired 
by the cycle initiator. 


GND 
I 
Signal 
Ground. 


NOTES: 


1. 
All signals 
in the PCI interface 
conform 
to the PCI Revision 
2.1 specification. 


2. 
Signals 
are open drain on the 82371S8 
and require 
an external 
pull-up 
resistor 
on the system 
manufacturer's 
mother- 


board which 
connects 
to the module. 
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Table 
3. J1 Connector 
Signal 
Description 
(Sheet 2 of 3) 


Signal1 
Type 
Description 


GNT[3:0)# 
0 
PCI Grant: 
Permission 
is given to the master to use PCI. Weak external 
pull- 


5V 
up resistors 
are required 
on these signals. 


IGNNE# 
12 
Ignore 
Error: 
This signal is connected 
to the ignore error pin on the CPU. 


IGNNE# 
is only used when the PIIX3 coprocessor 
error reporting 
function 
is 


enabled 
in the XBCSA 
Register. 
When FERR# 
is asserted, 
indicating 
a 


coprocessor 
error, a write to the Coprocessor 
Error Register 
(FOH) causes 


the IGNNE# 
to be asserted. 
IGNNE# 
remains 
asserted 
until FERR# 
is 


negated. 
When FERR# is not asserted 
when the Coprocessor 
Error Register 


is written, the iGNNE# 
signal is not asserted. 


INIT 
12 
Initialization: 
The PliX3 asserts 
INIT when it detects 
a shutdown 
special 
cycle on the PCI Bus or when a soft reset is ini1iated via the RC Register. 


INTR 
12 
CPU Interrupt: 
INTR is driven by the PIIX3 to signal the CPU that an 


interrupt 
request is pending and needs to be serviced. 
The interrupt controller 


must be programmed 
following 
PCIRST# 
to ensure that INTR is at a known 


state. 


IRDY# 
1/0 
Initiator 
Ready 
is asserted 
when the initiator 
is ready for a data transfer. 


5V 


LOCK# 
1/0 
Lock 
is used to establish, 
maintain, 
and release 
resource 
locks on PCI. 


5V 


N/C 
- 
No Connect. 


NMI 
12 
Non-maskable 
Interrupt: 
NMI is used to force a non-maskable 
interrupt 
to 


the CPU. The PIIX3 generates 
an NMI when either SERR# 
or 10CHK# 
is 


asserted, 
depending 
on how the NMI Status and Control 
Register 
is 


programmed. 


PAR 
I/O 
Parity: 
A single parity bit is provided 
over AD[3·1 :0) and CIBE[3:0). 
5V 


PCI_CLK[0:5) 
0 
33 MHz PCI Clock 
Outputs. 


PCICLK_IN 
I 
Input 
82439HX 
PCI Clock. 


PCIRST# 
I 
PCI Reset: 
This signal has two functions, 
depending 
on the programming 
of 


the APIC Chip Select bit (XBCS 
Register). 
See the APIC Signal Description 


for the APICACK# 
function. 
The PIIX3 asserts 
PCIRST# 
to reset devices 
that 


reside on the PCI Bus. The PIIX3 asserts 
PCIRST# 
during power-up 
and 


when a hard reset sequence 
is initiated 
through 
the RC register. 
PCIRST# 
is 


driven inactive a minimum 
of 1 ms after PWROK 
is driven active. PCIRST# 
is 


driven active for a minimum 
of 1 ms when initiatl3d through the RC register. 


PCIRST# 
is driven asynchronously 
relative to PCICLK. 


PHLD# 
I 
PCI Hold: 
This signal comes from the expansion 
bridge. It is the bridge 


5V 
request for PCI. The PHLD# protocol 
supports 
passive 
release. A weak 


external 
pull-up 
resistor is required 
on this signal. 


PHLDA# 
0 
PCI Hold Acknowledge: 
This signal is driven by the TXC to grant PCI to the 


5V 
expansion 
bridge. The PHLDA# 
protocol 
supporls 
passive 
release. 
A weak 


external 
pull-up resistor 
is required 
on this signal. 


NOTES: 


1. 
All signals 
in the PCI interface 
conform 
to the PCI Revision 
2.1 specification. 


2. 
Signals 
are open drain on the 82371S8 
and require 
an external 
pull-up 
resistor 
on the system 
manufacturer's 
mother- 
board which 
connects 
to the module. 
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rpCLK# 
12 
Stop Clock: 
STPCLK# 
is an active low synchronous 
output that is asserted 
by the PIIX3 in response 
to one of many hardware 
or software 
events. 


STPCLK# 
connects 
directly to the CPU and is synchronous 
to PCICLK. 


my# 
1/0 
Target 
Ready is asserted 
when the target is ready for a data transfer. 
5V 


NOTES: 


1. 
All signals 
in the PCI interface 
conform 
to the PCI Revision 
2.1 specification. 


2. 
Signals 
are open drain on the 82371SB 
and require 
an external 
pull-up 
resistor 
on the system 
manufacturer's 
mother- 
board which 
connects 
to the module. 
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CAS[7:0]# 
0 
Column 
Address 
Strobe: 
These pins select me DRAM column. 


3V 


GND 
I 
Signal 
Ground. 


MA[11:2] 
0 
Memory 
Address: 
This is the row and column 
address for DRAM. These 
3V 
buffers 
include programmable 
size selection. 


MAA[1:0] 
0 
Memory 
Address 
Copy 
A: One copy of the memory 
addresses 
(MA[11 :2]) 
3V 
that change 
during a burst read or write of DRAM. Size selection 
of the I/O 
buffers on these pins on the 82439HX 
is programmable. 


MAB[1:0] 
0 
Memory 
Address 
Copy 
B: A second 
copy of the memory 
addresses 
3V 
(MA[11 :2]) that change 
during a burst read or write of DRAM. Size selection 
of the 1/0 buffers on these pins on the 82439HX 
is programmable. 


MD[63:0] 
1/0 
Memory 
Data: These signals are connected 
to the DRAM data bus. 


3V/5V 
TTL 


MPD[7:0] 
1/0 
Memory 
Parity 
Data: These signals connect 
to the DRAM parity or ECC 
3V/5V 
bits. The MPD pins have similar timing and drive capability 
to the MD pins. 


TTL 
ECC versus 
parity operation 
is determined 
by the PCI Control 
Register 
(PCON[DDIM] 
field) in the 82439HX. 
These signals 
have internal weak pull- 
down resistors, 
the same as the MD Signals. These signals are always 
driven during write cycles, 
regardless 
of the existence 
of parity memory. 


MWE# 
0 
Memory 
Write 
Enable: 
Use MWE# as the write unable for the memory data 
, 


3V 
bus. This signal has a programmable 
size selection, 
which is selected 
through 
the DRAM Extended 
Control 
Register 
(DRAMEC[MAD] 
field) in the 
82439HX. 


N/C 
- 
No Connect. 


RAS[7:0]# 
0 
Row Address 
Strobe: 
These pins select the DRAM row. 


3V 


NOTE: 
All 3 V output signals can drive 5 V TTL inputs. 
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2.4 
ITP/JT AG Connector 
Signal 
Description 


Table 5 lists the Intel Embedded 
Processor 
Module Intel Test Port (ITP) interface 
signals. The 20-pin connector 


will not be populated 
on production 
modules. 
The ITP connector 
can be attached 
by the system 
integrator 
to 
gain access to the debug capabilities 
within the processor. 


Table 
5. Intel Test 
Port (ITP) Interface 
Signal 
Description 


Signal 
Name 
Dir 
Description 


DBRESET 
I 
Debugger 
Reset 
Output: 
A debugger 
may assert 
DBRESET 
(high) 
while performing 
"Reset All" or "Reset Targef' 
debugger 
commands. 
DBRESET 
should be connected 
to the system 
reset circuitry 
so that the 
system and processor 
are reset when DBRESET 
is asserted. 
This signal 
is asynchronous. 


GND 
Signal 
Ground. 


INIT 
0 
Processor 
Initialization: 
(Pentium 
processor 
signal) A debugger 
may 
use INIT to support 
emulating 
through the CPU INIT sequence 
while 
maintaining 
breakpoints 
or breaking 
on INIT. 


N/C 
No Connect. 
Leave this pin unconnected. 


PRDY 
0 
Probe 
Ready: 
From the PRDY pin on the Pentium 
processor. 


RESET 
0 
Reset 
Signal: 
(Pentium 
processor 
signal) A debugger 
may use RESET 
to support 
emulating 
through the reset while maintaining 
breaking 
on 
RESET. 


RlS# 
I 
Run/Stop: 
Connect 
to the RlS# pin on the Pentium 
processor. 


TCK 
I 
Boundary 
scan 
clock. 
(Pentium 
processor 
signal) 


TDI 
I 
Boundary 
scan 
data input: 
(Pentium 
processor 
signal) This signal 
connects 
to TDI of the Pentium 
Processor. 


TDO 
0 
Boundary 
scan 
data output: 
(Pentium 
processor 
signal) This signal 
connects 
to the TDO from the Pentium 
processor. 


TMS 
I 
Boundary 
scan 
mode 
select 
(Pentium 
processor 
signal). 


TRST# 
I 
Boundary 
Scan 
Reset 
(Pentium 
processor 
signal). 


Vcc 
Vcc from the Pentium processor 
system. 
A debugger 
uses this signal to 
sense that system 
power is on. Connect 
this signal to vcc through 
a 
1 KQ (or smaller) 
resistor. 
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2.5 
J1 Connector Pin Assignment (120-Pin) 


Table 6 lists the signals for each pin of the 120-pin J1 connector. 
See Figure 6 for connector 
orientation. 


Table 
6. 
PCI Connector 
Pin Assignment 
(J1) 


Pin 
Signal 
Pin 
Signal 
Pin 
Signal 
Pin 
Signal 


A01 
INIT 
A31 
GND 
B01 
3.3V 
B31 
AD22 


A02 
CPURST 
A32 
PHLDA# 
B02 
STPCLKII 
B32 
3.3V 


A03 
3.3V 
A33 
AD21 
B03 
SMI# 
·B33 
LOCK# 


A04 
A20M# 
A34 
AD19 
B04 
GND 
B34 
AD20 


. A05 
INTR 
A35 
3.3V 
B05 
NMI 
B35 
AD24 


A06 
IGNNE# 
A36 
FRAME# 
B06 
FERR# 
B36 
GND 


A07 
GND 
A37 
AD17 
B07 
N/C 
B37 
AD18 


A08 
24MHZ 
A38 
REOO# 
B08 
3.3V 
B38 
AD16 


A09 
N/C 
A39 
GND 
B09 
COREV _SENSE 
B39 
IRDY# 


A10 
12MHZ 
A40 
CBE2# 
B10 
N/C 
B40 
3.3V 


A11 
3.3V 
A41 
AD15 
B11 
14.318MHZ 
B41 
CBE1# 


A12 
N/C 
A42 
TRDY# 
B12 
GND 
B42 
GNTO# 


A13 
PCICLK_1 
A43 
3.3V 
B13 
N/C 
B43 
AD14 


A14 
N/C 
A44 
AD13 
B14 
PCICLK_2 
B44 
GND 


A15 
GND 
A45 
RE01# 
B15 
N/C 
B45 
AD12 


A16 
PCICLK_3 
A46 
AD11 
B16 
3.3V 
B46 
DEVSEL# 


A17 
N/C 
A47 
GND 
B17 
PCICLK_4 
B47 
AD10 


A18 
PCICLK_5 
A48 
AD9 
B18 
N/C 
B48 
3.3V 


A19 
3.3V 
A49 
AD8 
B19 
PCICLK_O 
B49 
GNT1# 


A20 
DBRST 
A50 
AD7 
B20 
GND 
B50 
CBEO# 


A21 
N/C 
A51 
3.3V 
B21 
PCICLK_IN 
B51 
RE02# 


A22 
N/C 
A52 
STOP# 
B22 
N/C 
B52 
GND 


A23 
GND 
A53 
AD5 
B23 
PCIRST# 
B53 
AD6 


A24 
N/C 
A54 
GNT2# 
B24 
3.3V 
B54 
AD4 


A25 
AD30 
A55 
GND 
B25 
AD31 
B55 
PAR 


A26 
AD28 
A56 
AD3 
B26 
AD29 
B56 
3.3V 


A27 
3.3V 
A57 
RE03# 
B27 
AD27 
B57 
AD2 


A28 
AD26 
A58 
AD1 
B28 
GND 
B58 
SERR# 


A29 
PHLD# 
A59 
3.3V 
B29 
AD25 
B59 
GNT3# 


A30 
AD23 
A60 
ADO 
B30 
CBE3# 
B60 
GND 
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A06 
MA4 
A41 
3.3V 
B06 
MA3 
B41 
MPDO 


A07 
MA2 
A42 
MPD6 
B07 
5.0V 
B42 
CAS6# 


AOB 
MAB 
A43 
RASO# 
BOB 
MA11 
B43 
3.3V 


A09 
GND 
A44 
MPD7 
B09 
MA7 . 
B44 
MPD1 


A10 
MA10 
A45 
GND 
B10 
MA9 
B45 
MPD5 


A11 
MDO 
A46 
RAS2# 
B11 
5.0V 
B46 
RAS1# 


A12 
MD32 
A47 
MDOB 
B12 
M04B 
B47 
GNO 


A13 
5.0V 
A4B 
M040 
B13 
M016 
B4B 
MP03 


A14 
M033 
A49 
3.3V 
B14 
M017 
B49 
RAS3# 


A15 
MD01 
A50 
MD25 
B15 
GNO 
B50 
M041 


A16 
M049 
A51 
M024 
B16 
MD02 
B51 
3.3V 


A17 
5.0V 
A52 
M056 
B17 
M034 
B52 
M030 


A1B 
M035 
A53 
GNO 
B1B 
MD1B 
B53 
M044 


A19 
M050 
A54 
M026 
B19 
5.0V 
B54 
M057 


A20 
M003. 
A55 
M009 
B20 
M019 
B55 
GNO 


A21 
GNO 
A56 
M046 
B21 
M036 
B56 
M011 


A22 
M004 
A57 
3.3V 
B22 
M051 
B57 
M010 


A23 
RAS7# 
A5B 
M042 
B23 
5.0V 
B5B 
M012 


A24 
RAS5# 
A59 
M059 
B24 
M005 
B59 
3.3V 


A25 
5.0V 
A60 
M05B 
B25 
M052 
B60 
M060 


A26 
M020 
A61 
GNO 
B26 
RAS6# 
B61 
M027 


A27 
RAS4# 
A62 
M043 
B27 
3.3V 
B62 
M02B 


A2B 
M053 
A63 
M061 
B2B 
M021 
B63 
GNO 


A29 
GNO 
A64 
M029 
B29 
M037 
B64 
M045 


A30 
CAS7# 
A65 
3.3V 
B30 
CAS3# 
B65 
M013 


A31 
M022 
A66 
M062 
B31 
GNO 
B66 
M063 


A32 
M03B 
A67 
M014 
B32 
M006 
B67 
3.3V 


A33 
3.3V 
A6B 
M047 
B33 
CAS1# 
B6B 
M031 


A34 
M039 
A69 
GNO 
B34 
M007 
B69 
M015 


A35 
M054 
A70 
N/C 
B35 
3.3V 
B70 
GNO 
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2.7 
ITP/JTAG Connector 
Pin Assignment 


intet 


Table 8 lists the signals for each pin of the 20-pin 
ITP/JTAG 
connector. 
For connector 
orientation, 
refer to the 
ITP connector 
manufacturer's 
documentation. 


Table 8. ITP Connector 
Pin Assignment 
(J3) 


Pin 
Signal 
Pin 
Signal 
. 


1 
INIT 
11 
PRDY 


2 
DBRESET 
12 
TOI 


3 
RESET 
13 
TOO 


4 
GND 
14 
TMS 


5 
N/C 
15 
. 
GND 


6 
3.3V 
16 
TCLK 


7 
. 
RIS# 
17 
GND 


" 


8 
GND 
18 
TRST# 


9 
N/C 
. 
19 
N/C 


10 
GND 
20 
N/C 


3.0 
Functional 
Descrlptlon 


3.1 
Embedded Processor 
Module 


The 
Intel 
Embedded 
Processor 
Module 
uses 
the 
Pentiurrfll> 
Processor 
with 
Voltage 
Reduction 
Technology 
(EMBMOD133) 
or the Mobile 
Pentiurrfll> 


Processor 
with MMXTM Technology 
(EMBMOD166) 
with 
an 
internal 
frequency 
of 
133 
or 
166 MHz 


(respectively) 
and a bus frequency 
of 66 MHz. 


3.2 
L2 Cache 


The 
Pentium 
processor's 
internal 
cache 
is comple- 
mented 
by a second-level 
cache 
using 256 Kbytes 


(EMBMOD133) 
or 
512 
Kbytes 
(EMBMOD166) 
of 
high speed synchronous 
pipe lined burst SRAM. The 


L2 cache 
can support 
up to 64 Mbytes 
of system 


memory. 
The L2 cache has a 3.3 V interface 
to the 


host 
system 
bus 
and 
the 
82439HX 
System 
Controller 
(TXC). The L2 cache subsystem 
includes 


a 32 K x 8 cache 
tag RAM 
(provided 
on module). 
The upper address 
bits of the tag chip are disabled. 
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3.3 
System Controller 


Intel's 
82439HX 
system 
controller 
is 
a 
highly 
integrated 
device 
that 
combines 
the 
Pentium 
processor 
bus 
controller, 
the 
DRAM 
controller, 
second-level 
cache 
controller 
and 
the 
PCI 
bus 


controller 
into one component. 
The 82439HX 
is PCI 


2.1 compliant. 
The PCI bus for the Intel Embedded 


Processor 
Module 
operates 
at 33 MHz (one-half 
the 


host 
frequency) 
and 
s 
provided 
by 
the 
system 


baseboard. 
The system 
designer 
must 
take one of 
the 
six 
PCI 
clocks 
g:lnerated 
on 
the 
processor 


module, 
deskew 
the slqnal 
and route it back to the 


processor 
module. This ensures that the Host-to-PCI 
clock skew specification 
is met. 


Refer to Intel's 
latest 
revision 
of the 430HX 
PClset 


datasheets 
for complete 
details. 


3.4 
Clock Generation 


A clock 
synthesizer 
circuit 
is provided 
on the 
Intel 


Embedded 
Processor 
Module. 
The clock 
generator 


accepts 
a 14.318 
MHz 
input 
signal 
from 
a crystal 


oscillator. 
The clock generator 
provides 
the 66 MHz 


clock 
needed 
for 
the 
Pentium 
processor 
and 
the 


82439HX, 
and 
the 33 
\,1Hz clocks 
needed 
for the 
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82439HX 
and the PCI interface. 
Additional 
outputs 
from 
the 
clock 
circuit 
are 
buttered: 
14.318 
MHz, 


24 MHz, and 12 MHz signals. 
Six buffered 
copies of 
the 33 MHz PCI clock signal are available. 


3.5 
Voltage Regulation 


The 
Pentium 
processor 
with 
Voltage 
Reduction 
Technology 
requires 
2.9 V for the core and 3.3 V for 
the 
110 
interface. 
The 
Pentium 
processor 
with 
MMXTM Technology 
requires 
2.45 V for the core and 
3.3 
V 
for 
the 
110 
interface.The 
Intel 
Embedded 
Processor 
Module 
has 
an 
integrated 
voltage 
regulation 
circuit 
on-board 
to provide 
the 2.9 V or 
2.45 V processor 
core requirement. 
The input to the 
voltage 
regulation 
circuit is 5.0 V and is provided 
by 
the 
system 
baseboard. 
The 
voltage 
regulator 
can 
supply a minimum 
of 3.0 A (on the 133 MHz module) 
or 4.1 A (on the 
166 MHz module) 
to the 
Pentium 
processor. 
The 
voltage 
regulator 
is 
a 
switching 


requlator 
which increases 
the efficiency 
of the circuit 
as compared 
to a linear regulator. 


3.6 
Connectors 


The Intel Embedded 
Processor 
Module 
interfaces 
to 


the 
110 subsystem 
via two high density 
connectors. 
The 
140-pin 
connector 
(J2) 
contains 
the 
DRAM 


interface, 
power 
and ground 
connections. 
The 
120- 
pin 
connector 
(J1) 
contains 
the 
PCI 
interface, 


processor/PIIX3 
sideband 
signals, 
clocks, 
power 
and 
ground 
connections. 
The 
connectors 
are 
low 
profile, with a 5 mm stacking 
height, and high density 
(0.8 mm pitch). The connectors 
minimize 
baseboard- 


to-module 
spacing. 


The module 
also provides 
the ability 
to add an ·ITP 
connector 
to facilitate 
debug 
and 
software 
devel- 
opment. 
The 
ITP 
connector 
is 
not 
installed 
on 


Intel Embedded 
Processor 
Module 


production 
modules. 
The following 
components 
must 
be installed 
for the ITP to function 
correctly: 


Table 
9. Additional 
Components 
for ITP 


Location 
Component 


U8 
74LVQ04 
Hex Inverter 


R41 
1.0 Kn Resistor 


R42 
on Resistor 


All pins labeled 
N/C are "no connecf' 
pins and are 
reserved 
for future use. 


The 
connectors 
should 
not 
be 
used 
as the 
only 
mechanical 
connection 
to 
the 
system 
baseboard. 


Use the four mounting 
holes provided 
on the module 
as 
the 
mechanical 
interface 
to 
the 
system 
baseboard. 
The four mounting 
holes are electrically 
connected 
to ground. 


3.7 
Thermal 
Considerations 


The 
Intel 
Embedded 
Processor 
Module 
(EMBMOD133) 
uses 
a 
passive 
heat 
sink 
as 
the 
thermal 
solution. 
The 
heat 
sink 
is 
mechanically 
attached 
to the topside 
of the module 
and uses an 
electrically 
and thermally 
conductive 
compound 
for 
the module-to-heat 
sink interface. 


Figure 2 shows the orientation 
of the module 
in the 0 
and 180 degree 
airflow 
rotation. 
Figure 
3, Figure 
4 
and Table 
10 contains 
the thermal 
characterization 
data 
st10wing 
the 
relationship 
between 
(leA 
and 
airflow 
required 
to ensure 
that 
the maximum 
case 
temperature 
is not exceeded. 
The 
maximum 
case 
temperature 
is 95° C for the Pentium 
processor 
and 
85° 
C 
for 
the 
82439HX 
System 
Controller 
and 
SRAM. 


BD 


Airflow 
Direction 


for 0° Rotation 
-- 
•••~ 


Airflow 
Direction 


.••••••••• - 
for 180° Rotation 


Figure 
2. Airflow 
Direction 


1998 PentiunfP Processor 
Databook 
ADVANCE 
INFORMATION 
3-13 


Intel Embedded 
Processor 
Module 


3-14 


SCA 8 
(OC/W) 
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Intel Embedded 
Processor Module (133 MHz) 
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0 Rotation -- 
processor thermal specifications 
determine the airflow required 


Figure 3. Thermal Resistance vs Airflow, 0°Rotation 


Intel Embedded 
Processor Module (133 MHz) 
45 


, 
<. 


~ 


~ 
-----..., 
~ 
r---... 
--, 


40 


30 


25 


20 
o 
100 
200 
300 
400 
500 
600 
700 


AIRFLOW (LFM) 


I 
I 


Note: In the 180°rotation, the 82439HX 
• 
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System Controller thermal specifications 


L- 
----.J 
determine the airflow required 


Figure 4. Thermal Resistance vs Airflow, 180°Rotation 
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Table 
10. Tested 
Airflows 
and Rotation 


!lCA 
!lCA 


Airflow 
(0° Rotation) 
(180° Rotation) 


800 
4.8 
25.4 


600 
5.4 
28.2 


400 
6.7 
33.2 


200 
10.0 
40.5 


The test conditions 
were: 


• All measurements 
were taken in an "open air" 
environment 
(no enclosure 
around the- module); 
TA = 50° C 


• 0° rotation: 
Airflow 
direction 
is from the 82439HX 


System Controller 
(BGA) to the Pentium processor 


(TCP); TC = 95° C 


• 180° rotation: 
Airflow direction 
is from the 


Pentium 
processor 
(TCP) to the 82439HX 
System 


Controller 
(BGA); TC = 85° C 


The equation 
used to calculate 
!lCA: 


Tc-TA 


P 


Where: 


!lCA = Case-to-Ambient 
Thermal 
Resistance 
(OC/W) 


TC = Case Temperature 
TA = Ambient 
Temperature 


P= Power in Watts 


When 
considering 
the thermal 
requirements 
for the 


Embedded 
Processor 
Module 
in a specific 
appli- 
cation, 
always 
ensure 
that 
the 
maximum 
case 


temperature 
is not exceeded 
for any component 
on 
the 
module, 
regardless 
of 
the 
orientation 
of 
the 


module. 
Refer 
to 
the 
Intel 
Embedded 
Processor 


Module 
Thermal 
Design 
Guide 
(order 
number 


273143). 
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The thermal 
solution 
for the EMBMOD166 
is under 


development. 
The thermal 
characterization 
data for 
the EMBMOD166 
will be published 
when it becomes 
available. 


3.7.1 
Maximum 
and Typical 
Power 
Design 
Examples 


Below 
is 
an 
example 
of 
determining 
the 
airflow 


required 
during maximum 
power consumption: 


TC (TCP) = 95° C; TC (BGA) = 85° C 
TA = 50° C 
PTCP = 7.9 W, PSGA = 1.2 W 
!lCA (TCP, 0° rotation) 
= 5.7 °C/W 
!lCA (BGA, 180° rotation) 
= 29.1 °C/W 


Figure 
3 and 
Figure 
4 indicate 
that 
this 
example 


.would require 
about 550 LFM in the 0° rotation, 
and 
about 550 LFM in the 180° rotation. 


The 
next 
example 
shows 
the same 
calculation 
for 


typical 
power consumption: 


TC (TCP) = 95° C; TC (BGA) = 85° C 
TA = 50° C 
PTCP = 3.5 W, PSGA = 1.0 W 
!lCA (TCP, 0° rotation) 
= 12.9 °C/W 
!lCA (BGA, 180° rotation) 
= 35.0 °C/W 


Figure 
3 and 
Figure 
4 indicate 
that 
this 
example 
would 
require 
about 
100 LFM in the 0° rotation, 
and 


about 325 LFM in the 180° rotation. 


3.8 
Electrical Design 


Clock 
signals 
generated 
on the module 
are routed 


on impedance-controlled 
signal 
layers. 
To minimize 


clock skew, the 66 MHz clock lines are matched 
and 


have a length of 9.3 inches. 
Extra space was added 


between 
the 
clock 
lines 
and 
other 
signals 
to 


minimize 
signal crosstalk. 
The lengths of the 33 MHz 


clock 
lines 
are 
also 
matched. 
The 
33 
MHz 
clock 


input 
on 
the 
82439HX 
comes 
from 
the 
external 


connector. 
Series termination 
resistors 
are provided 
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Ine 
oesign 
rules 
for 
the 
430HX 
PClset 
were 
followed 
on the module. 
Pentium 
processor 
signals 
that must be tied off are terminated 
on the module. 


PCI signals 
REQ[3:0]# 
and GNT[3:0]# 
are pulled up 
on 
the 
module. 
All 
other 
PCI 
signals 
must 
be 
terminated 
on the baseboard. 
The following 
signals 
have space for termination 
resistors 
on the module. 


These 
resistors 
are not populated 
on the production 
modules 
and must be provided 
by the host system. 


INIT, 
RESET, 
A20M#, 
IGNNE#, 
SMI#, 
NMI, 
INTR, 
FERR# 


A 
COREV_SENSE 
signal 
is 
provided 
to 
the 
baseboard 
for power-good 
sensing. 
The DBRESET 
signal from the ITP is provided 
on the PCI connector 


for baseboard 
use (with 
PWRGOOD). 
Power-good 
sensing 
is done on the baseboard. 
The baseboard 
must supply 2.0 A of 3.3 V and 3.5 A (EMBMOD133) 
or 4.1 A (EMBMOD166) 
of 5.0 V. 


4.1.1 
Dimensions 
and Connector 
Orientation 


Figure 
6 
shows 
the 
board 
dimensions 
and 
the 
connector 
orientation 
for 
the 
Intel 
Embedded 
Processor 
Module. 


4.1.2 
Printed 
Circuit 
Board 
Thickness 
and 
Clearance 


Figure 
7 is a profile 
view 
of the 
Intel 
Embedded 
Processor 
Module 
showing 
the nominal 
thickness 
of 


the 
printed 
circuit 
board 
(0.058 
inches) 
and 
the 


maximum 
module 
height 
(0.54 
lnches). 
The 


clearance 
from the motherboard 
to the underside 
of 


the 
Embedded 
Processor 
Module 
printed 
circuit 


board 
is fixed 
by the 
connector 
stacking 
height 
of 


5 mm. 
Actual 
clearance 
varies 
depending 
on 


component 
thickness 
and location. 
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Intel Embedded 
Processor 
Module 


ITP Connector 
(J3 - Not 
populated) 


PBSRAM 


[DJ 
[DJ 


[DJ 
= 


82439HX 
@ 
PClset System '------+-----T=-o-p-v-ie-w-----------' 
Controller 
---J 


Pentium® 
Processor 
at 166 or 
133 MHz 


·········, 
•. ,· •• ·· •. ·••••••• r••••••••••••• 
1. 


Bottom View 


Voltage 
Regulator 


Heat Sink 
Pad (Thermal 
Vias) 


140-Pin 
Connector 
(J2) 


Figure 5. Intel Embedded 
~rocessor 
Module - 
Top and Bottom 
View 
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Figure 6. Board Dimensions 
and Connector 
Placement 
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Motherboard 


Units: Inches 


Figure 7. Profile 
of the Intel Embedded 
Processor 
Module 
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4.2 
Connector 
Specifications 


The 
Intel Embedded 
Processor 
Module 
connectors 
are surface 
mount, 
0.8 mm pitch, 
140-pin 
and 
120-pin 


connectors. 
Table 11 summarizes 
some of the critical specifications 
for the connectors. 


Table 11. Connector 
Specifications 


Parameter 
Condition 
Specification 


Material 
Contact 
Beryllium 
Copper 


Housing 
Thermoplastic 
Molded 
Compound 
LCP 


Electrical 
Current 
0.5A 


Voltage 
100 VAC 


Termination 
Resistance 
20 mn max. @20 mV open circuit with 10 mA 


Insulation 
Resistance 
500 Mn min. @ 500 VDC 


Mechanical 
Mating Cycles 
100 cycles 


Connector 
Mating Force 
0.9 N (90 gf) max. per contact 


Connector 
Un-mating 
Force 
0.1 N (10 gf) min. per contact 


5.0 
Environmental 
Standards 


The environmental 
standards 
for this product 
are being developed. 
Table 
12 provides 
the parameter 
list to 


which specifications 
will be defined. 


Table 12. Environmental 
Standards 


Parameter 
Condition 
Specification 


Temperature 
Non-operating 
-25° C to 65° C 


Operating 
O°C to 50°Ct 


Shock 
Unpackaged 
Trapezoidal, 
30 G, 11 ms 


Packaged 
Half Sine, 2 ms at 36" Simulated 
Free Fall 


Vibration 
Unpackaged 
5 Hz to 500 Hz, 2.2 gRMS 


Packaged 
10Hz 
to 500 Hz, 1.0 gRMS 


t 


Packaged 
11,800 impacts, 
2 Hz to 5 Hz (Iow frequency) 


ESD 
Air Discharge 
o to 2 kV (no detectable 
error) 


t Requires 
minimum 
of 400 Ifpm airflow. 
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1.0 
Introduction 


The Intel Embedded 
Processor 
Module 
was developed 
to 


assist system designers 
with the challenges 
of high speed 


design 
by 
taking 
care 
of 
the 
high 
speed 
processor 


interface. 
This allows the system 
designer 
to concentrate 


on the 110 subsystems 
and PCI-bus interface. 


This 
document 
is a supplement 
to the lntel 
Embedded 
Processor 
Module 
datasheet 
(Order 
No. 273105). 
The 
contents 
of this design guide assist in the development 
of 
a system-level 
platform 
that 
uses 
the 
Intel 
Embedded 


Processor 
Module. 


In this document, 
the term "system 
board" 
refers to the 
system-level 
platform 
(baseboard 
or motherboard) 
that 


the Embedded 
Processor 
Module plugs into. Note that the 
82371SB 
(PIIX3) 
must 
be 
used 
in the 
system 
board 
design. 


1.1 
RelatedDbcuments 


( 


Document 
IntelOrder 
Number 


Intel 430HX 
PClset Design Guide 
297467 


Intel Embedded 
Processor 
273105 
Module datasheet 


PCI Local Bus Specification, 
Revision 
2.1 


2.0 
Electrical Layout Considerations 


Increasing 
bus 
frequencies 
with 
fast 
edge 
rates 
place 
additional 
demands 
on system 
designers. 
Designing 
a 
reliable 
system 
requires 
the 
use 
impedance-controlled 


boards, 
equalized 
clock 
trace 
lengths, 
opti mized 


component 
layout 
and trace 
routing, 
and proper 
termi- 
nation. 


2.1 
Clocks 


The 
Embedded 
Processor 
Module 
contains 
a Cypress 
CY2254A· 
clock 
synthesizer. 
The clock 
synthesizer 
is 
fed 
by 
a 
14.318 MHz 
crystal 
oscillator. 
The 
clock 


synthesizer 
generates 
four buffered 
copies of the 66 MHz 


processor 
clock, six buffered 
copies 
of the 33 MHz PCI 
clock, 
a 
12 MHz 
clock, 
a 
24 MHz 
clock, 
and 
two 


14.318 MHz reference 
clocks. 
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The clocks 
lines are of matched 
length to minimize 
any 
skew between 
the processor, 
the system 
controller, 
and 
the pipeline-burst 
SRAMs 
(PBSRAMs). 
The host clocks 


are series terminated 
on the module with 66.5 n resistors. 


The 66 MHz clocks are not routed to the connector. 


The six 33 MHz 
PCI clocks 
are routed 
to the 
120-pin 


connector 
and are of equal 
length. 
The PCI clock traces 


are series terminated 
with 33.2 n resistors. 
One of the six 


PCI 
clocks 
must 
be 
routed 
back 
into 
the 
Embedded 
Processor 
Module 
through 
the PCICLK_IN 
pin on the 


120-pin 
connector. 
The 
PCICLK_IN 
signal 
is used 
to 


drive the 82439HX 
System Controller 
PCI interface. 
The 


PCICLK_IN 
trace must be matched 
with the other PCI 
clocks on the system board to minimize 
skew between the 
Embedded 
Processor 
Module and the system board. 


Clocks are series terminated 
on the Embedded 
Processor 
Module; 
the designer 
must ensure 
that the system board 
supports AC termination 
at the signal destination. 


Table I lists trace 
lengths 
for the Embedded 
Processor 
Module clock signals. 


Table 1. Clock Trace Lengths 
on the Intel 
Embedded 
Processor 
Module 


Clock Trace 
Length 


CPU Host Clock 
9.35" 


PCI Onboard 
Clocks 
2.60" 


PCICLK_IN 
1.60" 


Based on the trace lengths provided in Table I, the system 
board requirements 
are: 


Minimum 
PCI trace length on system board 
= CPU Host Clock - PCI Onboard Clock 


PCI min = 9.35" - 2.60" 


= 6.75" 


All PCI Clock traces on the system board must be of equal 
length (± 250 mils) and at least 6.75" long to maintain the 
proper relationship 
between PCI devices and between 
PCI 
and host clocks. 


The 
line 
length 
of the 
PCI 
clock 
routed 
back 
to the 


Embedded 
Processor 
Module 
must be 1.60" shorter than 


3-23 


3-24 


PC! 
Clock 
circuits 
are 
series 
terminated 
on 
the 
Embedded 
Processor 
Module. The system board must 


support AC termination. 


All PC! clocks routed on the system board must be at 
least 6.75" long. 


The 
trace 
length 
of the 
PC!CLK_!N 
input 
to the 
Embedded 
Processor 
Module 
must be 1.60" shorter 
than the other PC! clocks 
on the system board. 
The 
minimum 
length required is 5.15". 


The impedance 
at the connector 
of the system 
board 
should 
be 
approximately 
65 0 
to 
match 
the 
impedance 
on 
the 
Embedded 
Processor 
Module 
connector. 


Use 
point-to-point 
routing 
topologies 
whenever 
possible. 


To minimize 
EM! 
concerns, 
terminate 
unused 
PC! 
and system clocks on the system board. 


Future 
embedded 
modules 
may 
support 
higher 
processor 
clock 
frequencies, 
but the processor 
bus 
and PCl bus frequencies 
will remain the same: 


Processor 
I/O bus = 66 MHz 


PC! Bus = 33 MHz 


Processor 
Core = Processor 
I/O X Ratio; 


Ratio= 2 (EMBMOD133) 
or 2.5 (EMBMODI66) 


These 
frequencies 
are 
hard wired 
into 
the 
Embedded 
Processor 
Module and are not selectable. 


2.2 
Memory 
Bus 


Follow 
the design 
guidelines 
for the 82439HX 
system 


controller 
when 
integrating 
the 
Embedded 
Processor 
Module into a system solution. 


NOTE: 
The Embedded 
Processor 
Module supports 
both fast page mode (FPM) and extended 
data 
out (EDO) memory 
types. Synchronous 
DRAM is not supported 
by the Embedded 
Processor 
Module. 


Mixed EDO and FPM memory types are not allowed 
in the same bank. Mixing of memory 
types between 
banks is allowed. 


For more information 
on the System 
Controller 
design, 


refer to the Intel 430HX PC/set Design Guide (Order No. 
297467). 


2.3 
PCI Interface 


The Embedded 
Processor 
Module communicates 
with the 
system 
board 
using 
a 32·bit 
PC! 
bus. 
The 
PCl 
bus 
conforms 
to the PC/ Local 
Bus Specification, 
Revision 
2.1. The module 
itself represents 
1.5 electrical 
loads on 
the PCI bus. 


The REQ[3:0j# 
signals 
are pulled up to 5 V by 2.7 KO 
resistors 
on 
the 
Embedded 
Processor 
Module. 
The 
following 
signals 
must be pulled 
to 5 V on the system 
board: P!RQ[A:Dj#, 
FRAME#, 
TRDY#, 
STOP#, IRDY#, 
DEVSEL#, 
PLOCK#, 
PERR#, and SERR#. Pins REQ64# 
and ACK64# 
on the PCI eo nector must also be pulled to 
5V. 


The GNT[3:0j# 
signals 
are pulled 
up to 3.3 V on the 
Embedded 
Processor 
Module 
by 2.7 KO resistors. 
The 


PHLDA# 
must be pulled up on the system board through 
a 2.7 KO 
resistor. 
These 
signals 
are 
outputs 
of 
the 
82439HX 
system controller. 


The 82439HX 
System Controller 
supports 
up to four PC! 


masters with its REQ[3:0j# 
and GNT[3:0j# 
signals. 
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For mere information 
on the PCI interface 
design, see the 
/nteI4?OHX 
PC/set Design Guide (Order No. 297467). 


2.4 
Voltage Regulation 


The 
E:nbedded 
Processor 
Module 
integrates 
a Linear 
TechncIogy, 
Inc. LTC1435* 
voltage 
regulator 
on-board 
to provide the core voltage of the Pentium® Processor. 


The input to the voltage regulator 
is the 5 V power plane 
on the Embedded 
Processor 
Module. 
Because 
the 5 V 
plane also supplies 
5 V to the 82439HX 
system controller 
the tolerance 
on the power 
supply 
must be within 
±5% 
(under a maximum 
current load). Refer to the applicable 
process or datasheet 
for maximum 
current 
requirements. 
The 
system 
board 
must 
supply 
a minimum 
voltage 
of 
4.75 V. 


Since t ie 3.3 V.supply 
is not regulated 
on the Embedded 
Process or 
Module, 
the 
system 
board 
must 
provide 
a 
minim I m of 3.135 V and a maximum 
of 3.6 V to meet the 
specifications 
for 
components 
integrated 
on 
the 
Embedded 
Processor 
Module. 


The 
frequency 
of the switching 
regulator 
used 
on the 
Embedded 
Processor 
Module is approximately 
165 KHz. 


Bulk 
md 
high 
frequency 
decoupl'ing 
capacitance 
is 
provide d on 
the 
module; 
however, 
the 
system 
board 
should 
provide 
additional 
bulk 
and 
high 
frequency 
capacitance 
near 
the 
connectors 
of 
the 
Embedded 
Process or Module. 
The additional 
capacitors 
ensure 
that 


"clean" 
power 
is provided 
to the Embedded 
Processor 
Module. 
The 
amount 
of 
capacitance 
required 
on 
the 
system board depends 
on many factors, 
including 
power 
supply design, system board layout. and board impedance. 
Table 2 lists the minimum 
recommended 
configuration. 


Table :~. Voltage 
Plane Capacitance 
Requirement 


Voltage 
Location 
Capacitance 
Rating 
Plane 


V_5'" 
Connector 
100 IJF. 0.1 IJF. 
35 V 
0.01 IJF 


V_< 
Connector 
100 IJF. 0.1 IJF 
6V 


The 
I mbedded 
Processor 
Module 
provides 
bulk 
decoup. ing 
for 
the 
processor, 
the 
82439HX 
system 
controller, 
and 
the 
PBSRAMs. 
The 
bulk 
capacitance 
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minimizes 
voltage drop when the power supply does not 
have time to react to a large current change in a relatively 
short period 
of time (50-300 
ns). Table 3 lists the bulk 
capacitance 
for the processor 
on the Embedded 
Processor 
Module. 


Table 3. Processor 
Bulk Oecoupllng 
Capacitance 


2.9 V Core Oecoupling 
4 x 100 IJF Low ESR/ESL 
Ceramic 


3.3 V I/O Oecoupling 
1 x 33 IJF Low ESR/ESL 
Ceramic 


Additional 
bulk 
capacitance 
is 
implemented 
on 
the 
Embedded 
Processor 
Module 
for the System 
Controller 
and SRAM devices. 


The 
Embedded 
Processor 
Module 
also 
provides 
high 
frequency 
decoupling 
capacitors 
to minimize 
the effects 
of 
high-frequency 
transient 
currents 
during 
device 
operation. 


The Embedded 
Processor 
Module has a CORE V_SENSE 
signal output to indicate 
that the core power supply is at 
the correct 
voltage. 
This 
signal 
should 
be used by the 
system designer to communicate 
the power good status to 
the 
overall 
system. 
The 
COREV _SENSE 
signal 
is 
detected by a comparison 
circuit, and the output is routed 
to the PWROK signal on the 82371SB 
(PIIX3). When this 
signal is received 
by the PIIX3, the system can be reset. 


There 
is no overcurrent/overvoltage 
protection 
circuitry 
on the Embedded 
Processor 
Module, 
except for the input 
protection 
circuitry 
on the individual 
components. 
Never 
insert or remove 
the Embedded 
Processor 
Module 
while 
the power 
is on. Permanent 
damage 
to the module 
may 
result. 


2.5 
Embedded Processor Module 
Pullup/Pulldown Resistor Require- 
ments 


Table 4 lists the Embedded 
Processor 
Module signals that 
have pullup or pulldown resistors and the required resistor 
values: 
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Table 4. Signals with Pull ups or Pulldowns 


Resistor 
Voltage 
Signal 
PU/PD 
Values 
(0) 
(V) 


DP[7:0] 
PU 
4.7 K 
3.3 


STPCLK# 
PU 
8.2 K 
3.3 


AP 
PU 
8.2 K 
3.3 


WBfWT# 
PU 
8.2 K 
3.3 


FLUSH# 
PU 
1.0 K 
3.3 


PEN# 
PU 
4.7 K 
3.3 


RIS# 
PU 
8.2 K 
3.3 


REQ[3:0]# 
PU 
2.7 K 
5.0 


GNT[3:0]# 
PU 
2.7 K 
3.3 


EWBE# 
PD 
0 
Gf\lD 


HOLD 
PD 
0 
GND 


PHLD# 
PU 
10 K 
5.0 


PHLDA# 
PU 
10 K 
3.:3 


2.6 
System Board Pullup/Pulldown 
Resistor Requirements 


The system designer 
must provide pull up resistors on the system board for the signals listed in Tab1e 5. 


Table 5. System Board Pullup/Pulldown 
Requirements 


Resistor 
Strapping 
Signal 
PUlPD 
Value 
Voltage 
(0) 
(V) 


INTR 
PU 
4.7 K 
3.3 


FERR 
PU 
4.7 K 
3.3 


NMI 
PU 
4.7 K 
3.3 


SMI# 
PU 
4.7 K 
3.3 


IGNNE# 
PU 
4.7 K 
3.3 


CPURST 
PU 
3.3 K 
3.3 


PLOCK# 
PU 
2.7 K 
5.0 


DEVSEL# 
PU 
2.7 K 
5.0 


TRDY# 
PU 
2.7 K 
5.0 


IRDY# 
PU 
2.7 K 
5.0 


FRAME# 
PU 
2.7 K 
5.0 


SERR# 
PU 
2.7 K 
5.0 


STOP# 
PU 
2.7 K 
5.0 


PAR 
PU 
2.7 K 
5.0 


A20M# 
PU 
4.7 K 
3.3 


INIT 
PU 
330 
3.3 
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3.0 
MechanicalConsiderations 


3.1 
SpaceConstraints 


The'Emhedded Processor Module is designed to fit into a 
single CompactPCI* slot or into other space-constrained 
environments, 
The 
Embedded 
Processor 
Module 
integrates a thermal solution and provides adequate signal 
integrity at the connector interface. 


The module does not provide a thermal solution that is 
adequate for all environmental conditions. The thermal 
characteristics of the Embedded Processor Module are 
currently being evaluated. 


3.2 
ReservedAreas 


The area beneath the Embedded Processor Module 
module should be considered reserved, with the exception 
of 0805 footprint and smaller passive components. If the 


system board uses this area, the system designer must 
ensure that there is no interference between the Embedded 
Processor Module and the system board. 


3.3 
ModuleMechanicalDescription 


The following sections the physical characteristics of the 
Embedded Processor Module. 


3.3.1 
GeneralDescription 


The Embedded Processor Module has components on 
both sides. Components on the bottom may extend to 
within 100 mils of the system board surface, except for 
the board-to-board connectors. The lead guard for the 
Tape Carrier Package (TCP) is not removable. Any 
attempt to remove it may result in damage to the TCP 
device. Components on the top side of the PCB (including 
the Heat sink) do not exceed 540 mils. Heights are relative 
to the PCB surface. 
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Figure 1. Module Dimensions - 
Top Side View 
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Figure 2. Module Dimensions - 
Side View 
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Figure 3. Module Dimensions - 
Bottom (Connector) Side View 
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Mounting Hole Locations and Size 


There are four holes in the corners of the Embedded 
Processor 
Module for attachment 
to the system board. The diameter 
of the four mounting 
holes is 125 mils, nominal. The mounting 
holes accept a size 4 screw. Figure 4 shows the location of 
the holes from the edges of the PCB (all values are nominal). 


4.000 -,--------------------, 
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2 PL 
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Figure 4. Mounting Hole Diagram 
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3.3.3 
Ground 
Ring 


The mounting 
holes are electrically 
tied to ground (GND) 
on the Embedded 
Processor 
Module. 
The 
ground 
ring 
around the mounting 
holes are 450 mils in diameter. 


3.3.4 
Module Mass 


The mass of the module 
is currently 
a total of 63 grams, 
including 
the heatsink. 
It is recommended 
that the system 
board 
design 
be able 
to accommodate 
a mass 
of 
100 
grams 
to 
support 
possible 
future 
changes 
in 
module 
material. 


3.4 
Recommended 
Module Mounting 
Technique 


The system manufacturer 
must use the mounting 
locations 


to attach the Embedded 
Processor 
Module 
to the system 
board. 
Attachment 
using 
the board-to-board 
connectors 
alone does not provide an adequate 
or reliable connection 
between 
the Embedded 
Processor 
Module and the system 


board over time. 


It is recommended 
that the Embedded 
Processor 
Module 
be grounded 
to the system 
board 
through 
the standoffs. 
These 
standoffs 
must be able to withstand 
the manual 


insertion 
force of the Embedded 
Processor 
Module 
into 
the system board. In addition, 
the standoffs 
must be able. 


to withstand 
the shock and vibration 
requirements 
of the 
system. 
Connection 
via 
the 
standoffs 
provides 
a low 
impedance 
ground 
path 
from 
the Embedded 
Processor 
Module. 


The mounting 
holes accept a size 4 screw. When attaching 
the processor 
module to the system board, the appropriate 
screw, washer and lock washer should be used to properly 
attach 
the module. 
A size 4 screw 
should 
not be used 


without appropriate 
washers. 


4.0 
Surface 
Mount Connectors 


The Embedded 
Processor 
Module connects 
to the system 
board 
via two low profile, 
high density 
connectors. 
The 
two connectors 
are segregated 
into functional 
categories: 
the PCI Bus interface 
and the DRAM 
interface. 
Refer to 
the 
Intel 
Embedded 
Processor 
Module 
datasheet 
for 


detailed 
information 
on the 
module 
pinout 
and 
signal 


descriptions. 
The connectors 
are available 
from multiple 
vendors 
with identical 
designs. The part numbers 
for two 


of the vendors are listed below. Mating pairs can be mixed 
between 
vendors. 


Figure 5. Connector 
Part Numbers 


Manufacturer 
Part Number 
Type 


AMP 
177983-5 
120-pin receptacle t 


AMP 
177983-6 
140-pin receptacle t 


AMP 
177984-5 
120-pin header 


AMP 
177984-6 
140-pin header 


BERG 
61082-12100X 
120-pin 
receptacle" 


BERG 
61082-14100X 
140-pin receptacle t 


BERG 
61083-12100X 
120-pin header 


BERG 
61083-14100X 
140-pin header 


TThe receptacle 
part numbers 
are part of the Embedded 
Processor 
Module 
assembly 
and are listed for reference 
only. 


4.1 
Connector 
Specifications 


A subset 
of the connector 
specifications 
is listed in the 


Embedded 
Processor 
Module datasheet; 
however, 
refer to 


the connector 
vendor for a detailed specification. 


5.0 
Implementing 
the ITP Port on the 


Embedded 
Processor 
Module 


The module 
accommodates 
the attachment 
of the Intel 


Test 
Port (ITP), 
which 
allows 
in-circuit 
emulation. 
To 
attach the ITP, the following 
components 
must be added 
to the module: 


Table 6. Additional 
Components 
for ITP 


Location 
Component 
Footprint 


U8 
74LVQ04 
Hex Inverter 
14LSOIC 


R41 
1.0 KQ Resistor 
0805 


R42 
OQ Resistor 
0805 


See Figure 6 for the location 
of the test port. Figure 7 
shows the location 
of the additional 
components 
required 
for the ITP to function. 
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. 
Intel Test Port (J3) 
• 


• 


82439 HX 
System 
Controller 


Heat Sink. 


Figure 6. Intel Test Port Mounting 
Location 


• 
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9 
• 
R42 
~ 
Lead Guard 
on Resistor 


Pentium® 
Processor 


R41 
1 KQ Resistor 
r 


-, 


•• 
U8 
74LVQ04 
Hex Inverter 
• 


§:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1. 


Figure 7. Additional 
Components 
Required 
for ITP 
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dual processing 
capability. 


The Embedded 
Processor 
Module 
does 
not support 
Functional 
Redundancy 
Checking 
mode. 


The Embedded 
Processor 
Module 
does not support 
synchronous 
DRAM (SDRAM) 
memory. 
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1.0 
INTRODUCTION 
2.0 
IMPORTANCE 
OF THERMAL 
MANAGEMENT 
The Embedded 
Processor 
Module 
is a high-performance 
subsystem 
for use in embedded, 
industrial 
and communi- 
cation applications. 
Thermal 
management 
is important 
in 
these applications 
to achieve the necessary 
system perfor- 


mance. 


This application 
note: 


Introduces 
the concepts 
and calculations 
used when 
designing 
a thermal solution 


Provides 
thermal 
performance 
data 
for 
the 
Intel 
Embedded 
Processor 
Module (EMBMOD 
133) 


Recommends 
methods 
for 
meeting 
the 
thermal 
requirements 
imposed on systems 


Examples 
are also provided. 
Note that the thermal design 
information 
for the Intel 
Embedded 
Processor 
Module 


(EMBMODI66) 
which uses a 166 MHz processor 
is not 


covered in this application 
note. 


The objective 
of thermal management 
is to ensure that the 
temperature 
of 
all 
components 
is 
maintained 
within 
specified 
functional 
limits. 
The 
functional 
temperature 
limit is the range within which the electrical 
circuits 
can 
be expected 
to meet their specified 
performance 
require- 
ments. Operation 
outside the functional 
limit can degrade 


system performance 
and cause reliability 
issues. 


The case temperature 
is the surface 
temperature 
of the 


package 
at its hottest point. Temperatures 
exceeding 
the 


case temperature 
limit can cause physical 
destruction 
or 
may result in irreversible 
changes 
in operating 
character- 


·istics. 


3.0 
COMPONENT 
POWER AND CASE 
TEMPERATURE 
SPECIFICATIONS 


The power dissipation 
and case temperature 
specifications 


are shown in Table I for the 133 MHz Pentium 
Processor 
in the Tape Carrier Package (TCP) and the Intel 82439HX 
System 
Controller 
(TXC) 
in a Ball Grid 
Array 
(BGA) 
package. 
The designer should collect similar data from the 
specific 
vendor 
for 
the 
32Kx32 
PBSRAM, 
Voltage 
Regulator, 
Clock Driver, 
14.318 MHz Crystal, and 32Kx8 
SRAM. 


Table 
1. 
Power 
Dissipation 
and Case Temperature 
Specifications 
for the 
Pentium® 
Processor 
and the Intel 82439HX 
System 
Controller 
(TXC) 


Package 
Total 
Package 
Size 
Typical 
Max 
Max Case 
IC Component 
Power 
Power 
Type 
Pins 
(Max) 
(W) 
(W) 
Temp 
(OC) 


Pentium® 
Processor 
TCP 
320 
24 mm x24 
mm 
3.5 
7.9 
95 
(133 MHz) 


82439HX 
System 
BGA 
324 
27.2 mm x 27.2 mm 
1.0 
1.2 
85 
Controller 
(TXC) 


NOTE: 
For more information, 
refer to the Pentium/i: Processor 
WIth Voltage Reduction 
Technology 
datasheet 
(order 
number 252557). 
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Thermocouple 
Conductive 
Glue 


TCPpacka;.:.capsutant 
~ 
~ 


4.1 
AmbientTemperature 


Ambient 
temperature 
(TA) is the temperature 
of the undis- 
tributed 
air 
surrounding 
the 
package. 
Ambient 
temperature 
is usually 
measured 
at a specified 
distance. 


from 
the 
module. 
In 
a system 
environment, 
ambient 
temperature 
is the temperature 
of the air upstream 
to the 
module 
and in its close vicinity. 
In a typical 
laboratory 
test 
environment, 
ambient 
temperature 
is measured 
12 
inches 
(or as close 
to 12 inches 
as possible) 
upstream 
from 
the module 
to represent 
the ambient 
temperature 
with air flowing past the system. When natural convection 
is used in a system, 
the ambient 
temperature 
is measured 
directly underneath 
the board module. 


4.3 
MeasuringCaseTemperature 


To verify that the proper Tc is maintained 
for the Pentium 
processor, 
it should be measured 
at the center of the top 
surface 
of the package. 
To minimize 
any measurement 
errors, the following 
techniques 
and materials 
are recom- 
mended: 


Use 
36 AWG 
or finer 
diameter 
K, T, 
or J type 
thermocouples. 
Intel's 
laboratory 
testing 
was 
performed 
using 
a thermocouple 
offered 
by Omega 
Engineering, 
Inc. (part number: 
STC-TTK-36-36). 


Attach 
the 
thermocouple 
bead 
or junction 
to 
the 
center and top surface of the package 
using a cement 
or glue that is highly 
thermally 
conductive. 
Intel's 
laboratory 
testing 
was 
performed 
using 
Omega 
Bond* (Part number: 
OB-I 0 I). 


Attach the thermocouple 
at a 0° angle on the center of 
the top surface of the package 
as shown in Figure 
I. 


/ 
Thermocouple 
tr: 


• 


Printed Circuit Board 


Figure 1. Thermocouple 
Attachment for Measuring the Case Temperature 
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4.4 
Calculating 
Case-to-Ambient 
Thermal 
Resistance 


For 
the 
Pentium 
processor 
with 
voltage 
reduction 
technology, 
an 
ambient 
temperature 
is 
not 
specified 
directly. The only requirement 
is that the case temperature 
is met. The thermal 
resistance 
can be calculated 
from the 
following 
equation: 


(I) 


where: 


9CA = Case-to-Ambient 
thermal resistance 
(OCIW) 


TA = ambient temperature 
(OC) 


TC = case temperature 
(0C) 


P = device power dissipation 
(Watts) 


For example, 
assuming 
the case temperature 
is 95°C, 
the 
ambient 
temperature 
is 50 
°C, 
and 
the 
typical 
power 
dissipated 
by the Pentium 
processor 
is 3.5 W, the case-to- 
ambient 
thermal resistance 
(9CA) is 12.9 °c/W. 
Knowing 
the 9CA value allows the system designer to determine 
the 
estimated 
airflow 
required 
to 
keep 
the 
TCP 
case 
temperature 
at 95°C 
and helps the designer 
determine 
the 
best 
way 
to orient 
the 
board 
to obtain 
the 
minimum 
airflow requirement. 


5.0 
TCP PACKAGE 
THERMAL 
CHARACTERISTICS 


The primary heat transfer 
path from the die of the TCP is 
through the back side of the die and into the printed circuit 
(PC) board. 
There 
are two thermal 
paths traveling 
from 
the PC board to the ambient 
air. One is the spread of heat 
within the board and the dissipation 
of heat by the board 
to the ambient air. The other is the transfer of heat through 
the board 
to the opposite 
side where 
thermal 
enhance- 
ments (heat sinks, fans, pipes, etc.) are attached. 
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6.0 
PC BOARD THERMAL 
ENHANCEMENTS 


Copper 
planes, thermal 
pads, and vias are design options 
that can improve 
heat transfer 
from the PC board to the 
ambient 
air. 
It should 
be 
noted 
that 
although 
thicker 
copper 
planes 
reduce 
the 9CA of a system 
without 
any 
thermal 
enhancements, 
thicker 
planes have less effect on 
the 9CA of a system with thermal enhancements. 
Placing 
vias under the die reduces 
the 9CA of a system 
with and 
without thermal enhancements. 


6.1 
Thermal 
Test Board Configuration 


The thermal 
measurements 
for the EMBMODI33 
were 
taken 
with 
a Pentium 
processor 
in the 
TCP 
package 
soldered 
to a 4" x 3" test board 
outline. 
This six-layer 
board 
contains 
10.0 mil drill holes on 50 mil pitch vias 


(underneath 
the 
die) 
in the 'die 
attach 
pad 
which 
are 
connected 
to a I oz. copper 
plane. 
The vias in the die 
attach 
pad are connected 
without 
thermal 
paths 
to the 
ground plane(s). 
The die is attached 
to the die attach pad 
using a thermally 
and electrically 
conductive 
adhesive 
as 
shown 
in Figure 2. A 13 X 
13 array 
of thermal 
vias 


conducts 
the heat generated 
by the Pentium 
processor 
to 
the top side of the board where a heat sink is attached 
to 
assist in heat dissipation. 


The 
test 
board 
was 
designed 
to 
opnmize 
the 
heat 
spreading 
into the board and the heat transfer 
through 
to 


the opposite 
side of the board. Thermal 
die was used to 
represent 
each of the components 
with a power of IW or 
greater. 
The 
test 
board 
included 
thermal 
die 
for 
the 


Pentium 
processor 
in a TCP 
package, 
Intel 
82439HX 
System 
Controller 
(TXC) 
in a BGA 
package, 
and the 


32Kx32 PBSRAM 
in a TQFP package. 
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Encapsulant 


Polyimide 
support~ 
Polyimide 
TAB Lead 
Keeper 
(OFC Copper) 
Bar 
I 
J 


PCB 


1112 Cross-Section 
Thermally 
Conductive 
Adhesive 
Note: 


Sketches 
Not to Scale 
Ground 
plane 


PCB 


Full Cross-Section 


Figure 2. Cross-section 
of the Embedded Processor Module with rcp (Mounted) 


7.0 
DESIGNING 
FOR THERMAL 
PERFORMANCE 
The 
three 
available 
solutions 
are 
a passive 
heat 
sink, 


active 
fan heat sink, and a liquid-cooled 
heat pipe and 
cooling device combination. 
A passive heat sink system is 
the simplest 
and most 
cost effective 
solution 
when the 
design can include ample airflow. The active fan heat sink 
solution should be used in designs 
without forced airflow 
that are operating 
at a typical 
ambient 
temperature 
of 
50°C. 
For designs operating 
at high ambient temperatures 
and restricted 
to only natural convection, 
a heat pipe with 
a cooling device may be the only solution. 


This section describes 
how to apply the thermal character- 
istics to a system 
thermal 
design. 
The goal of a thermal 


solution 
is to maintain 
the case temperatures 
of all the IC 
components 
on the board module. The main factors which 
determine 
the type of thermal solution to use are: 


Performance 
target 


Cost 


Amount 
and direction 
of airflow 
The CompactPCI 
specification 
was used to determine 
the 
overall 
form factor of the Embedded 
Processor 
Module 
and the height 
allowed 
for the thermal 
solution. 
For a 


copy 
of the CompactPCI 
specification, 
contact 
Rogers 


Communication 
at the address listed in Appendix 
A. 


Available 
pressure drop 


Heat sink geometry 


Heat sink attachment 
to board 


Three 
thermal 
solutions 
are 
available 
for 
the 
module 
which 
satisfy 
many 
broad-market 
requirements. 
At the 
time of this printing, 
Intel offers the Embedded 
Processor 
Module only with an extruded 
heat sink. 
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7.1 
Extruded Heat Sink Solution 


The Intel Embedded 
Processor 
Module 
uses an extruded, 


unidirectional 
heat 
sink 
which 
meets 
the 
CompactPCI 
form-factor 
requirement 
with 
a height 
of 0.275 
inches 


(6.98 
mm), 
and 
can dissipate 
the 
Pentium 
processor's 
maximum 
power 
of 7.9 W. This 
cooling 
solution 
was 
demonstrated 
to meet the 95 QCcase temperature 
and a 50 


QC ambient temperature 
with a fixed airflow of 400 - 500 
LFM with a typical 
processor 
power of 3.5 W when the 


airflow is directed first onto the TCP package 
without any 
preheating 
from other components 
(refer to the thermal 
characterization 
data 
in 
section 
7.8). 
The 
amount 
of 


airflow 
required 
can 
change 
depending 
on 
where 
the 
system 
fan is located. 
The module's 
orientation 
in the 


system 
(Figure 3) 
determines 
how 
much 
airflow 
is 
needed. 


All of the conditions 
for· a particular 
application 
must be 
taken 
into consideration 
to determine 
if this particular 
heat sink 
is sufficient 
or if a new 
heat sink 
design 
is 


required. 
This 
design 
was 
targeted 
to 
meet 
the 
CompactPCI 
component 
height requirements 
as shown in 
Figure 4. 
If 
there 
is 
no 
need 
to 
meet 
this 
height 
requirement, 
a taller 
heat 
sink 
can be designed 
with a 
potential 
cost savings. 
The heat sink is shown in Figure 5 


and the push pin is shown in Figure 6. 
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Although 
the extruded 
heat sink is the simplest 
solution, 


the design 
optimization 
is not trivial. The designer 
must 
consider the following 
parameters 
when designing 
a high- 


performance, 
low-cost 
heat sink or fan heat sink: 


Surrounding 
ICs 


Maximum 
power of all components 


Ambient and case temperatures 


Board/module 
orientation 


Direction 
of airflow 


Heat source area 


Toplbottom 
heat dissipation 
of component 


Manufacturability 


Tooling for testing and manufacturing 


Fin profile (round, oval, or square) 


Unidirectional 
vs. omnidirectional 
fins 


Fin 
geometry 
(height, 
thickness, 
and 
distance 
between 
fins) 


Base plate geometry 
(thickness 
and area) 


Material (aluminum, 
copper, and alloy) 


Heat sink attachment 
mechanism 


Heat 
sink 
attachment 
material 
(grease, 
dry-film, 


thermal tape) 


Heat sink attachment 
thickness 
and coverage 
area 


Heat sink surface treatment 
(e.g., anodizing) 


Safety/caution 
labels 


UL recognition 
(or equivalent) 


Available 
pressure drop 


Appendix 
A lists heat sink vendors, 
vendors 
of heat sink 
attach/interface 
materials, 
the current 
PCB manufacturer, 
and the address for requests 
for copies of the CompactPCI 
Specification. 
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Heatsink 
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Airflow 


Embedded 
Processor 
Module 
Motherboard 
0.071" Max 


Figure 4. CompactPCI 
Configuration 
Requirements 
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Figure 5. Heat Sink 
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Figure 6. 
Heat Sink Push Pin Drawing 
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7.2 
Corrugated HeatSink 


A 
conugated 
heat 
sink 
is 
another 
potential 
thermal 
solution. Conugated 
heat sinks are made of aluminum 
and 
may provide superior 
performance 
over the extruded 
heat 
sink. The heat sink fins are a thin layer of aluminum 
bent 
in an "S" shape and brazed onto the base plate of the heat 
sink. Figure 7 is an example 
of a conugated 
heat sink. 


Figure 7. Corrugated 
Heat Sink 


7.3 
Fan Heat Sink 


Fans 
are often 
needed 
to move 
the air inside 
a system 
chassis. 
The airflow 
rate is usually directly related to the 
acoustic 
noise 
level 
of the fan and system. 
Maximum 
acceptable 
noise 
levels 
may limit 
the fan output 
or the 
number 
of fans 
selected 
for a system. 
A fan may 
be 
attached 
to the chassis, 
and an additional 
fan may 
be 
placed 
at the top of a heat 
sink to produce 
direct 
air 
impingement 
on the heat sink for efficient 
heat removal. 


For the module, 
a low profile fan heatsink 
was designed 
with a height 
of 8.9 mm. This solution 
was designed 
to 
cool 
the 
Pentium 
Processor 
to 
meet 
an 
ambient 
temperature 
of 50°C 
and a case temperature 
of 95 °C, and 
to dissipate 
a maximum 
power 
of 7.9 W with no other 
airflow 
required 
by the system. 
The thermal 
character- 
ization data for this design is provided 
in Section 7.8. 


The 
height 
of this 
fan 
heatsink 
solution 
exceeds 
the 
CompactPCI 
height requirement 
of 7 mm or less. A fan 
heatsink 
design which will meet the CompactPCI 
specifi- 
cation 
is currently 
under 
evaluation. 
The module 
is not 
offered with a fan heatsink, 
but the fan heatsink 
design is 
available 
for customers. 


The fan heat sink can be made with two alarm sensors: 


A sensor that outputs 
a pulse when the fan is in an 
abnormal 
state. 


A thermal 
sensor 
with 
a built-in 
thermistor 
that 
monitors the surface temperature. of the processor. 


A customer 
may request one of these options from the fan 
vendor. The customer 
should also consult 
the fan vendor 
on how to provide power to the fan on the system board. 


7.4 
Combination of Heat Pipe with a 
Cooling Device 


Customers 
limited 
to 
system 
designs 
that 
require 
an 
ambient 
temperature 
of 60-70 
°C and can only provide 
airflow by natural convection 
(less than 200 LFM), may 
have to design 
a heat pipe 
with a cooling 
device. 
The 
purpose of a heat pipe is to spread the heat from a concen- 
trated 
source 
to a heat sink for dissipation 
to a coolant 
such 
as air or water. 
Heat 
enters 
the 
heat 
pipe 
at its 
evaporator 
where 
it causes 
the 
fluid 
to vaporize. 
The 
vapor 
travels 
from 
the 
evaporator 
to 
the 
condenser 
through 
the adiabatic 
section 
(long section 
of the pipe). 
The 
vaporized 
fluid 
creates 
a pressure 
gradient 
which 
forces the vapor towards 
the condenser 
or the cool area. 
The condensed 
fluid is drawn back into the pores of the 
wick for return 
to the evaporator. 
The wick serves 
as a 
pump using capillary 
pressure to return the fluid from the 
condenser 
to the evaporator. 
The 
wick also acts 
as an 
extended 
surface to allow higher heat fluxes. 


The typical 
configuration 
includes 
a heating 
plate/block 
on top of the TCP 
package. 
The heating 
plate/block 
is 
connected 
to a heat pipe which is connected 
to a cooling 
plate/block, 
heat sink or fan heat sink. The most common 
heat pipe is made of copper 
and filled with water. 
The 
performance 
of the heat pipe increases 
as the length of the 
heat pipe 
decreases 
and the diameter 
of the heat 
pipe 
increases. 
A heat pipe can be bent or formed 
before 
or 
after fabrication 
to meet the system 
space requirements. 
Each bend lowers the performance 
of the heat pipe. Heat 
pipes 
can have 
a long 
life of 
100,000 
hours 
or more, 
depending 
on the design. Contact the vendor for reliability 
data. 


The 
heat 
pipe 
thermal 
resistance 
is 
the 
sum 
of 
the 
conduction 
through 
the 
wall 
of 
the 
pipe, 
conduction 
through 
the 
wick, 
evaporation 
temperature 
difference, 
vapor pressure drop, condensation 
temperature 
difference 
(Ll.T), conduction 
through 
the 
wick, 
and 
conduction 
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through the heat pipe wall on the opposite side of the pipe. 
The predominant 
thermal 
resistances 
are the evaporation 


(~T) and the vapor pressure drop. 


A 
heat 
pipe 
solution 
is 
a 
unique, 
customer 
specific 
solution. 
The 
customer 
must 
provide 
the 
system 


environment, 
application 
and thermal requirements 
to the 
heat pipe vendors 
in order to generate 
an optimal 
design. 
Refer to Appendix 
A for a list of heat pipe vendors. 


7.5 
Thermally Conductive 
Interface 
Materials Information 


The current 
heat sink attach 
material 
is a thermally 
and 


electrically 
conductive 
grease. 
Thermal 
grease 
is widely 
used as the interface 
material. 
Thermal 
grease 
typically 


provides 
the lowest 
thermal 
resistance 
of the available 


alternatives. 


On the Embedded 
Processor 
Module, 
the thermal 
grease 
provides 
an effective 
interface 
between 
the. heat sink and 


the 
processor 
package. 
Other 
thermally 
conductive 


materials 
such as film, tape, adhesives 
or gap fillers may 


be 
used 
to 
enhance 
the 
thermal 
characteristics 
of 


components 
which do not have a heat sink solution, 
such 


as the 82439HX 
System Controller, 
SRAMs, and the side 
of the Pentium processor 
package opposite the heat sink. 


Several 
interface 
materials 
are currently 
being evaluated 


to determine 
which materials keep the components 
cooler. 


Refer to Appendix 
A for interface material vendors. 


7.6 
Heat Sink Removal and Attachment 


It is not recommended 
to remove 
the 
heat 
sink 
once 


placed on the board. If you must remove the heat sink, be 
careful 
riot to damage 
the module 
or components. 
Any 


damage 
to 
the 
board 
or 
the 
components 
voids 
the 


warranty 
of the module. 


Follow this procedure 
when removing 
the heat sink: 


CAUTION: 
Allow the heat sink to cool to room 
temperature 
before removing the heat sink 
from the module. 


Wear 
an ESD 
strap at all times 
when handling 
the 
modules to protect against electrostatic 
discharge. 


Use needle-nose 
pliers to gently squeeze 
the nose of 
each 
push pin (shown 
in Figure 8) together 
so that 
there is no gap and push the pins out of the board. 
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Follow this procedure 
to attach the heat sink: 


Add approximately 
1/8 gram of thermally 
conductive 


grease evenly onto the pedestal of the heat sink. 


Align the heat sink holes to the plated 
holes on the 


module. 


Press push pins through the holes with approximately 
6 lb. force until the nose of the pin latches 
onto the 


module. 


If you 
require 
assistance 
or rework 
of the 
heat 
sink, 


contact 
the 
current 
board 
manufacturer 
listed 
in 
Appendix 
A. 


Figure 8. Heat Sink Push Pin 


7.7 
Heat Sink Handling Safety 
Precaution 


The heat sink temperature 
should not rise above 95°C 
at 


worst case power conditions. 
Intel requires 
a safety label 
or stamp to be placed 
on the heat sink as a warning 
to 
indicate 
that this part is hot. The safety 
label uses the 


caution/attention 
symbols 
(ISO 7000, 
# 0434 
and IEC 
4!7, # 5041) to provide this warning as shown in Figure 9. 


CAUTION: 
Allow the heat sink to cool to room 
temperature 
before removing 
the heat sink 
from the module. 
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7.8 
Thermal Characterization Data for 
the Embedded Processor Module 
(EMBMOD133) 


When determining 
the airflow required 
for the Embedded 
Processor 
Module, 
the system 
designer 
must 
take 
into 
account 
the 
requirements 
of every 
component 
on the 
module. 
The 
airflow 
required 
depends 
on the ambient 
temperature, 
design power of each device, the placement 
of the module 
in the system chassis, 
and the direction 
in 


which 
the system 
fan blows air across the module. 
It is 
important 
for the system 
designer 
to ensure that all case 
temperature 
requirements 
are met for each component 
on 
the module. 
This section 
describes 
how to estimate 
the 
airflow 
required 
to keep the EMBMOD 
133 functioning 
correctly. 
. 


The 
case-to-ambient 
thermal 
resistance 
(6CA) 
was 


collected 
for these module components: 


Pentium processor 
in a TCP Package 


Intel 82439HX 
System 
Controller 
(TXC) in a BGA 
package 


32Kx32 PB SRAM in a TQFP package 


The other components 
were not considered 
in the charac- 
terization 
because 
of 
their 
low 
operating 
power 
conditions. 
The 6CA values were gathered for the extruded 
heat 
sink, corrugated 
heat sink, 
and fan heat sink. 
All 
measurements 
were taken 
in an "open 
air" wind tunnel 
environment 
in which there was no enclosure 
around the 
module. 


(EMBMOD133). 


Two curves are shown in each figure: 


00 rotation: 
This 
curve! 
represents 
the 
thermal 
resistance 
vs. airflow 
when the module 


is in the 00 rotation. 
In the 00 rotation 
the airflow 
passes 
across the SRAMs, 


the 82439HX 
System 
Controller, 
and 


the Pentium processor 
in that order. 


This 
curve 
represents 
the 
thermal 


resistance 
vs. airflow 
when the module 


is in the 
1800 rotation. 
In the 
1800 


rotation 
the airflow 
passes 
across 
the 


Pentium 
processor, 
the 
82439HX 


System 
Controller, 
and the SRAMs 
in 
that order. 


180 
0 rotation: 


Refer to Figure 3 for the airflow direction 
definitions. 


The 
thenna! 
characterization 
results 
show 
that 
the 


Pentium processor 
(TCP) thermal requirements 
determine 


the airflow 
required 
with the module 
in the 00 rotation. 


The TCP 
case temperature 
of 95 °C and the operating 


power range of the Pentium 
processor 
should be used to 


determine 
the thenna! 
resistance 
and airflow 
in the 00 


rotation. 


The 82439HX 
System 
Controller 
thermal 
requirements 


determined 
the airflow 
required 
with the module 
in the 


1800 rotation of the board. The BGA case temperature 
of 


85 °C and operating 
power range of the 82439HX 
System 


Controller 
should 
be 
used 
to 
determine 
the 
thermal 


resistance 
and airflow requirement 
in the 1800 rotation. 
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The 
system 
designer 
can 
determine 
the 
approximate 


airflow 
required 
by calculating 
the 9CA (refer to Section 


4.4 on page 3) and charting 
this value onto the graphs in 
Figure 
10 and Figure 
11. For example, 
to determine 
the 


airflow required 
for maximum 
power consumption 
when 


the extruded 
heat sink exists on the module: 


TC (TCP) = 95°C; 
TC (BGA).= 85°C 


P (Tep) = 7.9 W; 
P (BGA) = 1.2 W 


9CA (TCP, 0° Rotation) 
= 5.7 °CIW 


9CA (BGA, 180° Rotation) 
= 29.1 °CIW 


Use equation (I) on page 3 to calculate 
9CA and then use 


the graphs 
of Figure 
10 and Figure II to find the corre- 


spon fing airflow 
required. 
Both graphs indicate 
that 550 
LFM 
airflow 
is 
needed 
to 
meet 
maximum 
power 


conditions 
for both board rotations 
(0° and 180° rotation). 


For typical 
power 
consumption 
when the extruded 
heat 
sink exists on the module: 


TC (TCP) = 95°C; 
TC (BGA) = 85°C 


P (TCP) = 3.5 W; 
P(BGA)= 
I.OW 


9CA (TCP, 0° Rotation) 
= 12.9 °C/W 


9CA (BGA, 
180° Rotation) 
= 35.0 °CIW 


The 
graphs 
indicate 
that 
an 
airflow 
of 
325 
LFM 
is 


required 
in the 180° rotation of the module 
and less than 


100 LFM in the 0° rotation for typical power conditions. 


Figures 
12, 13 and 14 and Tables 3, 4 and 5 represent 
the 
extruded 
heat sink characterization 
data. Figures 
15 and 
16 and Tables 6 and 7 represent 
the corrugated 
heat sink 
characterization 
data. Figures 
17, 18 and 19 and Tables 8, 


9 and 10 represent 
the fan heat sink characterization 
data. 


Table 
2. Intel 
Embedded 
Processor 
Module 
Thermal 
Resistance 
for various 
Airflows 


Airflow 
0° Rotation 
180° 
Rotation 


(LFM) 
9CA (OC/W) 
9CA (OC/W) 


800 
4.8 
25.4 


600 
5.4 
28.2 


400 
6.7 
33.2 


200 
10.0 
40.5 


200 
600 
- 
~~ o- 
400 


AIRFLOW 
(LFM) 


I-+- 0 
0 Rotation 
I 


800 


Figure 
10. 
Embedded 
Processor 
Module 
Thermal 
Resistance 
vs. Airflow 
for 0° Rotation 
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400 


AIRFLOW (LFM) 


1---180 
0 Rotation 
I 


200 
600 
800 


Figure 11. Embedded Processor Module Thermal Resistance vs. Airflow for 180· Rotation 


Table 3. Extruded Heat Sink: Pentium@ Processor (TCP) Thermal Resistance vs. Airflow 


Airflow 
O· Rotation 
180· Rotation 
(LFM) 
9CA (·C/W) 
9CA (·C/W) 


800 
4.8 
4.6 


600 
5.4 
5.1 


400 
, 
6.7 
5.9 


200 
10.0 
7.4 


10.0 


8.0 
- 


~ 
6.0 


0- 
cl: 
4.0 
o 
c:p 
2.0 


<, 


I~~ 
~--- 
:--•.... 


0.0 
o 
200 
400 
600 
800 


AIRFLOW (LFM) 
I-+- 0° Rotation 
180° Rotation I 


Figure 12. Extruded Heat Sink: Pentium® Processor (TCP) Thermal Resistance vs. Airflow 


3-46 


intet 


1998 PentiurrfP Processor 
Databook 


AP-759 / Embedded 
Processor 
Module Thermal Design Guide 


Table 
4. 
Extruded 
Heat Sink: 
82439HX 
System 
Controller 
(BGA) Thermal 
Resistance 
vs. Airflow 


Airflow 
0° Rotation 
180° Rotation 


(LFM) 
SCA ("C/W) 
SCA (OC/W) 


800 
21.9 
. 
25.4 


600 
25.1 
28.2 


400 
29.7 
33.2 


200 
39.8 
40.5 


50.0- 40.0 
~0 
30.0 
0- 20.0 
< 
0 
10.0 
c::o 


~ 
-...........:: 
-t ~ 


0.0 
0.0 
200.0 
400.0 
600.0 
800.0 


Figure 
13. 
Extruded 
Heat Sink: 
82439HX 
System 
Controller 
(BGA) Thermal 
Resistance 
vs. Airflow 


AIRFLOW (LFM) 
I-+- 00 Rotation 
1800 Rotation I 
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Table 5. Extruded Heat Sink: SRAM (TQFP) Thermal Resistance vs. Airflow 


intet 


Airflow 
O· Rotation 
180· Rotation 
(LFM) 
9CA (·C/W) 
9CA ("C/W) 


800 
• 
30.6 
36.8 


600 
34.0 
39.6 


400 
38.4 
44.4 


200 
46.4 
53.8 


55.0 
50.0 
45.0 
5;' 
40.0 
5 
35.0 
o 
30.0 
- 
25.0 
~ 
20.0 
a:> 
15.0 
10.0 
5.0 
0.0 
0.0 


~ 


~---- 
~ 
-..-- 


200.0 
400.0 
600.0 
800.0 
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AIRFLOW (LFM) 
I-+- 0 
0 Rotation ----- 180 
0 Rotation 
I 


Figure 14. Extruded Heat Sink: SRAM (TQFP) Thermal Resistance vs. Airflow 
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10.0 
8.0 


6.0 
4.0 


2.0 
0.0 
0.00 
800.00 


.L--- 
~~ 


200.00 
400.00 
600.00 


AIRFLOW (LFM) 


J-+- 0 
0 Rotation --- 
180 
0 Rotation 
I 


Figure 15. Corrugated HeatSink: Pentlu~ 
Processor (TCP)Thermal Resistance vs. Airflow 
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Table 
7. 
Corrugated 
Heat Sink: 
82439HX 
System 
Controller 
(BGA) Thermal 
Resistance 
vs. Airflow 


Airflow 
O· Rotation 
180· Rotation 


(LFM) 
9CA ("CIW) 
9CA (·CIW) 


800 
27.8 
26.7 


600 
• 
30.5 
28.8 


400 
34.9 
33.6 


200 
41.7 
42.7 
~ 


50.0- 
. 
~ 
40.0 
c 
30.0 
o 
":; 
20.0 
o 
CJ:) 


L -- 
, 


Figure 
16. 
Corrugated 
Heat Sink: 
82439HX 
System 
Controller 
(BGA) Thermal 
Resistance 
vs. Airflow 
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10.0 


0.0 


0.0 
200.0 
400.0 
600.0 
800.0 


AIRFLOW (LFM) 


I-+- 0 
0 Rotation ---- 
180 
0 Rotation I 


, 
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Table 8. Fan Heat Sink: Pentium4!>Processor (TCP) Thermal Resistance vs. Airflow 


Airflow 
SeA 
(LFM) 
("C/W) 


800 
5.0 


600 
5.2 


400 
5.4 


200 
5.7 


100 
5.8 


5.8 
•. 


5.7 


5.6 
- 
~ 
5.5 
0 
5.4 
0- 
cC 
5.3 
o 
CD 
5.2 


5.1 


-, 


~ <,<, <,<, <, 


~ 
5.0 
o 
200 
400 
600 
800 


AIRFLOW (LFM) 


Figure 17. Fan Heat Sink: Pentium4!>Processor (TCP) Thermal Resistance vs. Airflow 
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Table 9. Fan Heat Sink: 82439HX System 
Controller 
(BGA) Thermal 
Resistance 
vs. Airflow 


Airflow 
6CA 
(LFM) 
(OC/W) 


800 
21.5 


600 
23.9 


400 
28.0 


200 
32.1 


. 100 
34.5 
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35.0 


30.0 
- 
~o25.0 
20.0 
o 
';' 
15.0 
o 
cP 
10.0 


5.0 


0.0 
o 


-----.'--- ----.--- 
...... 


200 
400 
600 


AIRFLOW (LFM) 


Figure 
18. Fan Heat Sink: 82439HX System 
Controller 
(BGA) Thermal 
Resistance 
vs. Airflow 


800 
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Table 10. 
Fan Heat Sink: SRAM (TQFP) Thermal 
Resistance 
vs. Airflow 


Airflow 
9CA 


. (LFM) 
(OC/W) 


800 
I 
. 
30.9 


• 
I~ 
- 
600 
33.6 


400 


" 
37.9 


200 


v 
, 
42.9 


100 
45.9 


50.00 
- 
40.00 
~. 


30.00 
0 
0- 20.00 
< 
0 
CD 
10.00 


+---..-- 
+--« ~ 


0.00 
o 
200 
400 


AIRFLOW 
(LFM) 


600 


Figure 19. 
Fan Heat Sink: SRAM (TQFP) Thermal 
Resistance 
vs. Airflow 
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Table 11. 
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Documents 


Document 
Order Number 


Intel Embedded 
Processor 
Module datasheet 
273105 


Intel Embedded 
Processor 
Module 
Evaluation 
Board Developer's 
Manual 
273122 


AP-757, Embedded 
Processor 
Module Design Guide 
273120 


Intel Packaging 
Handbook 
240800 


Pentium@ Processor 
with Voltage Reduction 
Technology 
datasheet 
242557 


Mobile Pentium@ Processor 
with MMXTM Technology 
datasheet 
243292 
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A.1 
HEAT SINK VENDORS 


Aavid Thermal Technologies, Inc. 
One Kool Path 
PO Box 400 
Laconia, 
NH 03247 
Phone: 603-528-3400 
Fax: 603-525-1478 


SMI Electronic Devices America, Inc. 
4645 S. Lakeshore 
Drive 
Suite # 11 
Tempe, Arizona 85282 
Phone: 602-820-9889 


EG&G Wakefield Engineering, Inc. 
60 Audubon 
Rd. 


Wake field, MA 01880 
Phone: 617-246-0874 
Fax: 617-224-3528 


A.2 
FAN HEAT SINK VENDORS 


Source line, Inc. (Panasonic) 
122 Charcot Ave. 
San Jose, CA 95131 
Phone: 408-727-5200 
Fax: 
408-727-3350 


A.3 
HEAT PIPE AND HEAT 
EXCHANGER 
VENDORS 


Fujikara America, Inc. 
3001 Oakrnead 
Village Drive 
Santa Clara, CA 95051 
Phone: 408-988-7408 
or 408-988-7415 


Fax: 408-727-3515 


Therrnacore, Inc. 
780 Eden Road 
Lancaster, 
PA 17601 
Phone: 717-569-6551 
FaX: 717-569-4797 
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APPENDIX A 


A.4 
HEAT SINK ATTACHMENT 
VENDORS 


MicroSi 
1028 S 51st St. 
Phoenix, AZ 85044 
Phone: 602-893-8898 
Fax: 602-893-8637 


The Bergquist Company 
5300 Edina Industrial 
Blvd. 


Edina, MN 55439 
Phone: 612-835-2322 
Fax: 612-835-4156 


A.5 
BOARD MANUFACTURER 


Avex Electronics Inc. 
4807 Bradford 
Drive 
Huntsville, 
Alabama 
35805 
Phone: 205-722-6000 


A.6 
COMPACTPCI 
SPECIFICATION 


Rogers Communication 
301 Edgewater 
Place, Suite 220 
Wakefield, 
MA 01880 
Phone: 617-224-1100 
Fax: 617-224-1239 


A.7 
TEMPERATURE 
MEASUREMENT 
SUPPLIES 


Omega Engineering, Inc. 
One Omega Drive 
P.O. Box 4047 
Stamford, 
CT 06906 
Phone: 
1-800-622-2378 
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1.0 
Introduction 


Embedded 
systems 
are 
typically 
designed 
to 
startup, 
operate, 
and store data to and from a type of non-volatile 
storage 
media. 
There 
are 
many 
types 
of 
non-volatile 
media, 
such 
as 
disc 
and 
tape 
drives. 
Silicon 
based, 
battery-backed 
volatile memory 
systems 
and non-volatile 
memory 
systems 
are also available. 
A typical 
embedded 
computing 
application 
does not require 
the vast amounts 
of storage space available 
from disk and tape drives. It is 
often impractical 
to use these media because 
of environ- 
mental 
limitations. 
Battery-backed 
semiconductor 
memory 
systems 
can provide 
suitable 
storage 
while the 
system 
is not operating, 
but reliability 
may be sacrificed 
because 
of 
limited 
battery 
lifetimes. 
Long 
term 
maintenance 
may 
also 
be 
an 
issue. 
For 
embedded 
systems, 
non-volatile 
semiconductor 
memory 
solutions 
can 
provide 
significant 
storage 
and 
robustness 
at 
an 
attractive 
price. 


High performance 
embedded 
processors 
with their wide 
data 
buses 
and differing 
bus cycle 
protocols 
present 
a 
significant 
interface 
challenge 
to Flash memories. 
Three 
possible 
locations 
for the Flash memory 
interface 
can be 
considered 
when designing 
an embedded 
PC: the ISA bus, 
the PCI bus and the host bus. 


Typically, 
the host bus cannot 
be heavily 
loaded 
due to 
speed 
considerations; 
this makes 
it impractical 
to add 
another 
host-to-Flash 
device 
to the host. 
Using 
current 
chipset technologies, 
placing the Flash on the DRAM bus 
would significantly 
reduce the bus speed and slow system 
performance. 


Placing the Flash on the ISA bus would require dedicated 
logic to decode addresses, 
and to provide buffers and data 
steering. 
The ISA solution 
would be relatively 
slow and 
would limit the total amount of Flash memory to less than 
16 Mbytes. 


The 
PCI 
bus 
solution 
presents 
an easy 
to implement 
interface 
that can use current 
chipset 
technologies 
from 
the host 
processor 
bus. The 
PCI bus has good 
perfor- 
mance, 
industry 
standard 
protocols 
and 
provisions 
for 


system boot control. 
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Since 
typical 
chipsets 
do 
not 
directly 
support 
Flash 
memory 
interfaces, 
but commonly 
support 
host-to-PCI 


interfaces, 
a PCI-to-Flash 
solution 
was chosen 
for the 
proof of concept design. 


The 
Flash 
Memory 
PCI 
Add-In 
Card 
was 
created 
to 
demonstrate 
the feasibility 
of interfacing 
Flash memory to 
the PCI bus in an embedded 
system. 
In such a system, 


Flash memory 
devices 
are used for high density and high 
performance 
mass storage for user code and data. 


This application 
note describes 
a Flash Memory 
PCI Add- 


In Card design. 
This design is a proof-of-concept 
only. It 
is not a production 
product, 
nor is it being offered by Intel 
as 
such. 
This 
application 
note 
discusses 
design 
and 
software 
considerations 
specific 
to 
a 
prototype 
card 
assembled 
by Intel to demonstrate 
the feasibility 
of the 
PCI-to-Flash 
interface 
for various memory 
densities. 
This 
design 
and prototype 
can serve 
as a basis for customer 
designs. 
Several 
software 
utilities 
were developed 
for the 
prototype; 
these 
are described 
in this application 
note. 


Schematics 
of the prototype 
design 
and field program- 


mable 
gate 
array 
(FPGA) 
are 
available 
for customers 
desiring to "copy exactly" 
the design presented 
here. 


The PCI bus provides 
the interface between 
the micropro-, 


cessor and the Flash memory. 
Since the PCI bus is widely 


accepted 
in the industry, 
the Flash 
Memory 
PCI Add-In 
Card can be easily 
integrated 
into existing 
systems 
that 
support 
the PCI bus, or it can be used in new PCI-bus- 
based designs. This easy integration 
can decrease 
time to 


market for new and retrofit designs. 


An example 
of creating 
a new system 
with a shortened 
development 
time would 
be to use the Intel Embedded 
Processor 
Module 
(which 
supports 
PC!) 
and the Flash 
Memory 
PCI Add-In 
Card 
design. 
Designing 
a system 
using 
these 
components 
and 
appropriate 
baseboard 
support 
electronics 
saves 
considerable 
design 
time 
by 
eliminating 
the need to custom 
design 
the processor 
to 
Flash interface. 
For space sensitive 
systems 
without 
PCI 
connectors, 
the PCI-to-Flash 
interface 
can be designed 
to 
fit the system's 
form factor. 
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Figure 
1. Flash Memory 
PCI Add-In 
Card 


2.0 
System Overview 


The Flash Memory 
PCI Add-In Card Block diagram is shown in Figure 2. 


- 


FPGA 
Expansion 
Programming -- 
ROM (Flash) 
Header 


" 
Addr~ss 
Flash 
Memory 
Data 
Array 
J 


Serial 
~ 
Data 
EEP ROMI - 
FPGA 
EPROM 


~ 


15 Volt I 
~ 


PCI Bus 


Figure 2. Flash Memory 
PCI Add-In 
Card Block 
Diagram 


1998 PentiurrfY Processor 
Databook 


AP-758 / Flash Memory PCI Add-In Card for Embedded 
Systems 


The Flash 
Memory 
PCI Add-In 
Card supports 
the PCI 
Local 
Bus Specification. 
revision 
2.1. in both electrical 
characteristics 
and logical bus cycles. In accordance 
with 
allowable 
PCI protocols. 
it operates 
at 5 V on a standard 
32-bit. 33 MHz bus. The card conforms 
to the specifica- 


tions for a PCI Raw Variable 
Height Short Card as shown 


in Figure 
5-3 
of the 
PCI 
specification. 
This 
allows 
a 
maximum 
height 
of 4.2" 
and maximum 
length 
of 6.6". 


The card has a standard 
32-bit PCI connector 
and operates 
on 5 V-only supply. 


The card is designed 
around the Xilinx XC4000* 
family 
field 
programmable 
gate 
array 
(FPGA) 
with 
the 
PCI 
LogiCORE* 
interface. 
The PCI LogiCORE 
interfaces 
to 
the PCI bus and responds to all commands 
on the bus. The 
remaining 
FPGA 
logic responds 
to the commands 
from 
the 
PCI LogiCORE 
and generates 
appropriate 
address. 
data and control signals and sends them to the Flash array. 


A 
programming 
header 
is 
available 
for 
FPGA 
programming 
alteration. 
You can write the program to the 
FPGA 
via a PC serial 
port. The serial 
ROM stores the 
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FPGA 
program 
for configuration 
at power 
up. Once the 
ROM is down loaded to the FPGA. 
the card is ready to 
function. 


The 
Rash 
Memory 
PCI 
Add-In 
Card 
supports 
the 
expansion 
ROM function. 
This function 
facilitates 
dead- 


start loads from the card at power up. The physical 
ROM 
is an Intel 
2 Mbit 
(128 Kbit x 
16 configuration) 
Boot 
Block Flash 
memory. 
This memory 
is set up in a xl6 
mode to speed up data transfers. 


The Flash Memory 
PCI Add-In 
Card supports 
plug-and- 
play 
operation 
and 
non-plug-and-play 
operation. 
The 
FPGA contains 
all necessary 
header information. 


The Flash memory 
array is divided 
into four banks. 
with 
four devices in each bank. This banked array is supported 
by 
four 
memory 
density 
modes 
within 
the 
FPGA: 


2 Mbyte, 
8 Mbyte, 
16 Mbyte 
and 
32 Mbyte. 
Figure 3 
shows the Rash 
memory array block diagram. 
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Figure 3. 
Flash Memory 
Array Block Diagram 


The arrangement 
of the Rash 
devices represents 
a double 
word aligned 
memory 
array. This means that for a given 


4 byte 
read/write 
starting 
on a double 
word 
boundary 


(address 
xOOH) within 
bank 0, the 4 bytes reside 
in the 


Rash 
devices 
selected 
by CEO# through 
CE3# 
respec- 


tively. 
This is an important 
system 
consideration 
when 


defining 
software 
utilities 
and 
when 
programming 
and 


erasing 
the Rash. 
Refer to "Software 
Design 
Consider- 


ations" on page 9 for more information. 


The card is operated 
using standard 
software routines 
that 


write and read Flash devices. Standard software may need 
to be modified to account for the following: 


The FPGA does not contain algorithms 
that automati- 


cally 
perform 
the multiple 
operations 
necessary 
to 
program and erase the Flash devices. 


The card does not support burst PCI transfers. 


Intel's 
High-Density 
Flashf'ile" 
Memory 
components 


are 
recommended 
for 
the 
memory 
array. 
These 
are 


symmetrically-blocked 
F1ashFile 
architecture 
devices. 
They allow selective 
block locking and are pin compatible 


with other families 
of Intel Flash memory. 
This compati- 


bility allows for upgrades 
to higher performance 
devices. 


Table 
I describes 
the commands 
used to read, write, and 
erase 
the Flash, 
and the commands 
used 
to determine 


Rash 
status. Consult 
the applicable 
Flash device specifi- 


cation and user guide to fully understand 
the operation 
of 


Rash devices. 
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Table 
1. Flash 
Command 
User Interface 


Bus 
First 
Bus Cycle 
Second 
Bus Cycle 
Command(1) 
Cycles 
Notes 
Required 
Oper(2) 
Addr(3) 
Data(4) 
Oper(2) 
Addr(3) 
Data(4) 


Read Array/Reset 
1 
Write 
X 
FFH 


Read Identifier 
Codes 
za 
5 
Write 
X 
90H 
Read 
lA 
ID 


Read Status Register 
2 
Write 
X 
70H 
Read 
X 
SRD 


Clear Status Register 
1 
Write 
X 
SOH 


Block Erase 
2 
6 
Write 
BA 
20H 
Write 
BA 
DOH 


Program 
2 
6,7 
Write 
PA 
40H or 
Write 
PA 
PD 
10H 


Block Erase and 
1 
5 
Write 
X 
BOH 
Program 
Suspend 


Block Erase and 
1 
5 
Write 
X 
DOH 
Program 
Resume 


Set Block Lock Bit 
2 
7 
Write 
BA 
60H 
Write 
BA 
01H 


Set Master Lock Bit 
2 
7 
Write 
X 
60H 
Write 
X 
F1H 


Clear Block Lock Bit 
2 
8 
Write 
X 
60H 
Write 
X 
DOH 


NOTES: 


1. 
Commands 
not listed in this table are reserved 
by Intel for future device implementations; 
use only 
the signals 
listed. 


2. 
Bus operations 
are defined 
in the Flash datasheet. 


3. 
X= Any valid address 
within the device 
IA=Jdentifier 
Code Address 
BA= Address 
within the block being erased or locked 
PA= Address 
of memory 
location to be programmed 


4. 
SRD= Data read from status register. 
PD= Data to be programmed 
at location 
PA. Data is latched on the rising edge of WE# or CE#, 
whichever 
goes high first 
ID= Data read from identifier 
codes 


5. 
Following 
the Read Identifier 
codes command, 
read operations 
access manufacturer, 
device, 
lock 
block, and master lock codes. 


6. 
When the block is locked, 
RP# must be at VHH to enable 
block erase or program 
operations. 
Attempts 
to issue a block erase or program 
to a locked block while RP# is V1H will fail. 


7. 
Either 40H or 10H are recognized 
by the WSM as the program 
setup. 


8. 
When the master lock bit is set, RP# must be at VHH to clear lock-bits. 
The clear lock-bits 
operation 
simultaneously 
clears all block lock bits. When the master lock bit is not set, the Clear Lock Bits 
command 
can be done while RP# is V1H• 
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3.0 
SystemOperationsand 
Performance 


The next few sections 
provide 
a general 
description 
of 


reading, 
writing 
and erasing 
the Flash. See the datasheet 


for 
your 
Flash 
devices 
for 
specific 
instructions 
and 


programming 
flow diagrams. 


3.1 
Readingthe Flash 


PCI-to-Flash 
read transactions 
are handled by the FPGA. 


DEVSEL# 
is asserted 
back to the bus master during the 


fourth 
PCI clock 
cycle 
(slow DEVSEL# 
timing). 
Wait- 


state timing occurs 
during 
clock cycles 5-9; on cycle 
10 


the 
Flash 
data 
is valid 
and 
TRDY# 
and 
STOP# 
are 


asserted. 
This 
forces 
a target 
disconnect 
because 
burst 


transfers 
are not supported 
in this design. With this read 


timing, assuming 
4 byte transfers, 
this design supports up 


to 12 Mbyte/s 
transfers. 
The host must recognize 
the PCI 


disconnect 
and 
keep 
track 
of addressing 
during 
what 


normally 
would be a burst transfer. 


3.2 
Writing the Flash 


PCI-to-Flash 
write 
operations 
are 
similar 
to 
read 


operations 
(slow DEVSEL# 
timing) but complete 
in five 


PCI 
clock 
cycles; 
the assertion 
of STOP# 
signals 
that 


burst transactions 
are not supported. 
The maximum 
write 


rate to the Flash 
is II Mbyte/s, 
assuming 
4 byte writes 
that are double-word 
aligned. 
The write performance 
is 


slightly 
less than the read performance 
because 
it takes 


two write cycles to complete 
the write operation 
(12 PCI 
cycles 
total, 
including 
the turnaround 
cycles 
per write 
transaction). 


Execute a read command 
to return to reading the array. 


3.3 
Erasingthe Flash 


Erasing 
the Flash is accomplished 
by sending appropriate 


commands 
to the Flash 
array. This is no different 
than 
writing to the array, except that the first write to the array 
indicates 
a command 
to erase; the second write command 
confirms 
the 
erase 
command 
and 
indicates 
the 
block 
address to be erased. Similarly, 
commands 
to the array to 
determine 
Flash 
status 
are sent via writes, 
and status 
is 
read through 
normal 
read operations. 
Table 
1 lists the 
transactions 
necessary 
to perform all Flash operations. 


Execute a read command 
to return to reading the array. 


3.4 
ScalingMemorySize 


The 
Flash 
Memory 
PCI 
Add-In 
Card 
supports 
four 


different 
memory 
sizes. Table 2 describes 
the devices and 
banks used in each of the memory size types. 


Table 2. Memory Size versus Layout and Device Selection 


Total Size 
Device Layout 
Flash Density 
Product number 
Access Time 


2 Mbyte 
4x1 
4 Mbit 
28FOO4S5 
85 ns 


8 Mbyte 
4x1 
16 Mbit 
28F016S5 
95 ns 


16 Mbyte 
4x2 
16 Mbit 
28F016S5 
95 ns 


32 Mbyte 
4x4 
16 Mbit 
28F016S5 
95 ns 
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For 
size-sensitive 
applications, 
the 4 x 
I bank 
option 
provides 
memory 
densities 
of 2 Mbyte 
and 
8 Mbyte 
simply by 'changing 
out memory 
types. This can result in 
considerable 
cost savings 
over the life of a product, 
since 
no redesign 
is necessary 
for the 
memory 
upgrade. 
In 
applications 
for which 
larger 
amounts 
of memory 
are 
required 
and physical size limitations 
are not an issue, the 
designer may opt for the 2 or 4 bank solution. 


The proof of concept design and FPGA support up to the 
full 4x4 memory 
configuration. 
In a custom design based 
on the proof of concept, 
the designer 
may opt to use only 
I or 2 banks when there are physical size limitations 
in the 
design. 


3.5 
Banked Memory Configuration 
Considerations 


The 
memory 
system 
employed 
uses 
four 
separately 
selectable 
Flash 
memory 
devices 
connected 
to a 32-bit 
data bus. This presents 
a number 
of considerations 
that 
must be accounted 
for in system development, 
especially 
software. 


It is possible 
to write single bytes to the Flash array, and 
there 
are no restrictions 
on addressing. 
However, 
when 
writing 
words 
or 
double 
words, 
the 
double-word 
boundaries 
must 
not be crossed 
in a single 
transaction. 


This causes unpredictable 
results. 


For contiguous 
address 
read and writes, the user must be 
aware that the bytes are being stored across four separate 
Flash 
devices 
and not in one device. 
For instance, 
four 
byte writes to address (x)OOH are written to Flash devices 
0-3 
at address 
represented 
by the 
(x) decoded 
value. 


Therefore, 
from a system 
standpoint, 
the Flash memory 
"block" 
is not 64 Kbytes 
as defined 
by each device, 
but 
rather 
256 Kbytes 
as defined 
for the bank of memory. 


Similarly 
when 
it is desired 
to lock the first "block" 
of 
256 Kbytes, the command 
must be available 
across all 32 
bits of the write data to indicate to each Flash device that a 
block lock is requested. 


Table 3. Flash Programming 
Code Example 


MOV 
EAX, 
77777777H 


MOV 
[address] , EAX 


MOV 
EAX, 
DODO DODOH 


MOV 
[address] , EAX 


MOV 
EAX, 
FFFFFFFFH 


MOV 
[address] , EAX 


;Place 
lock 
block 
command 
across 
all 
4 
;bytes 
to 
signal 
all 
4 devices 
to 
lock 
the 
;block 


;Write 
lock 
block 
command 


;Place 
confirm 
command 
across 
all 
4 
;bytes 
to 
signal 
all 
4 devices 
to 
confirm 
;lock 
block 
command 


;Confirm 
lock 
block 


;Place 
read 
array 
command 
across 
all 
4 
;bytes 
to 
signal 
all 
4 devices 
to go 
to 
;read 
mode 


;re~urn 
to 
read 
mode 
for 
all 
of 
bank 
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The system 
programmer 
can overcome 
this addressing 


system and use a single Flash block (64 Kbytes) 
for code 
or data by offsetting 
each of the byte writes/reads 
by 4. 
This ensures 
that the data is assigned 
to a single Flash 


device as long as the bank boundary 
is not crossed. 
The 


user must decide which system suits the application 
best. 


The penalty 
for such a system 
is decreased 
throughput 


performance, 
since only 
I byte at a time can be read or 


written per PCI cycle. This reduces 
the performance 
to 3 


Mbytels for reads and 2.75 Mbyte/s for writes. 


The system 
designer/programmer 
should 
consider 
Flash 


wear leveling. 
If sections 
of the Flash 
are going 
to be 


erased 
and programmed 
many times over the life of the 


product, 
and others not used at all, some provision 
should 


be 
made 
to 
spread 
the 
program/erase 
cycles 
evenly 


between 
devices. 
This increases 
system 
data 
retention 


reliability 
and life. 


3.6 
ExpansionROMOperation 


An 
Inter 
Boot 
Block 
Flash 
memory 
device 
is 


recommended 
as the PCI expansion 
ROM. 
This device 


operates 
in xl6 
bit mode to speed boot load operations. 
The expansion 
ROM is accessed 
at power-up 
through the 


system 
BIOS. 
The 
ROM 
PCI 
cycle 
can 
provide 
the 


4 bytes 
in 
12 PCI 
clock 
cycles 
for a maximum 
read 


performance 
of 11 Mbytes/s. 


During 
initialization 
the 
system 
BIOS 
checks 
the 


Expansion 
ROM 
header. 
The 
BIOS 
verifies 
that 
the 


header 
is 
correct 
(using 
signatures 
and 
checksums). 


Depending 
upon the capabilities 
of the BIOS and the data 


contained 
within the ROM header, the BIOS shadows 
the 


expansion 
ROM contents 
to shadow 
RAM and calls the 


initialization 
routine. 
The 
initialization 
routine 
is 


responsible 
for card specific initialization 
functions. 
Once 


the initialization 
is complete, 
the ROM initialization 
code 


returns to the BIOS for completion 
of the system 
initial- 


ization. 


4.0 
HardwareConsiderations 


4.1 
Address Line Buffering 


Since the address 
lines on the Flash 
side of the FPGA 


connect 
to as many as 17 devices, 
additional 
buffering 
is 


needed to accommodate 
the load. Each address line from 


the 
FPGA 
goes 
to two 
buffers 
and 
is distributed 
to 


memory. 
Address 
lines 
are routed 
through 
the address 


pins 
to mimrrnze 
load 
reflections. 
Series 
resistors 
are 


employed 
to reduce r~flections 
in the long lines connected 


to the memory arrays. 


4.2 
Choosing MemorySize 


The Flash Memory 
to PCI Add-In 
Card has two sets of 


jumpers 
that select the configuration. 


JPI: 
This block selects the Flash memory 
array size. This 


size is selectable 
from 64 Kbytes 
to 2 Gbytes. 
Only four 


sizes 
are 
currently 
supported 
by the 
chip-enable 
code 


within 
the FPGA: 
2 Mbyte, 
8 Mbyte, 
16 Mbyte, 
and 


32 Mbyte. 
Refer 
to 
the 
schematics 
for 
these 
jumper 
settings. 
(Schematics 
are available 
from the Intel World 


Wide Web site; see "Downloadable 
Files" 
on page 13 for 


more information.) 


JP2: This con figures the expansion 
ROM size. By default 


(all jumpers 
open) the expansion 
ROM is set at 64 Kbytes. 


The FPGA supports 
all sizes up to 2 Gbytes, although 
the 


PCI specification 
limits 
the Expansion 
ROM 
size to 16 


Mbytes. Since there is only one socket 
for the expansion 


ROM, this size is really limited 
by the size of available 


Flash memory. 


Jumpers 
or 
hard wired 
through-holes 
provide 
a 
cost 


effective 
configuration 
change 
mechanism 
for 
designs 


that support more than one memory 
size. 


4.3 
FPGAOptions 


The FPGA is programmed 
by a bitstream 
from either the 


serial ROM or from a Pc. 
This bitstream 
was created by 


compiling 
the VHDL code and the LogiCORE 
net list with 


the FPGA software 
tools from Xilinx. Once the FPGA is 


programmed 
with 
this 
bitstream 
it acts 
as the 
bridge 


between 
the 
PCI bus and the Flash 
memory 
array 
by 


converting 
the PCI bus transactions 
into Flash 
memory 


control signals. 


The FPGA supports master and slave modes. The mode is 
selectable 
through jumper 
JP3. When the jumper 
block is 


open, 
the FPGA 
is in slave 
mode. 
In slave 
mode, 
the 


FPGA 
must 
be 
programmed 
through 
the 
header 


connection 
on the board using a PC and the appropriate 


tools. When the jumper 
is installed, 
the FPGA is in master 


mode and automatically 
downloads 
its configuration 
from 


the serial ROM. 
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The critical signals on the PCB are the traces between the 
PCI connector 
and the FPGA, and between the FPGA and 
the Flash memory devices. 
The traces between 
the FPGA 
and the PCI bus connector 
must be less than 
1.5" long, 
except the PCI clock signal which must be 2.5" (+/- 0.1 ") 
long. This is a requirement 
of the PCI Local Bus Specifi- 
cation, revision 2.1. 


To minimize 
the length of the address line traces, they are 
routed 
through 
the 
pins 
(rather 
than 
having 
stubs 
connecting 
the pins to the trace) 
of the Flash 
memory 
array devices which were laid out in an angular fashion. 


Decoupling 
capacitors 
are located 
next to power pins on 


the devices 
and between 
the power and ground planes of 
the PCB to act as filters and reduce 
noise in the power 


signals. 
Refer to the schematics 
for information 
on the 
placement 
of 
decoupling 
capacitors. 
Decoupling 
consistent 
with 
published 
datasheets 
should 
always 
be 


employed. 


The 
resistors 
placed 
on the 
address 
lines 
between 
the 


outputs 
of the buffers 
and the address 
lines of the Flash 
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in Card. 
Instead, 
proprietary 
applications 
were 
used 
to 


demonstrate 
card functionality. 


It is advisable 
for the card to begin executing 
after system 
start. An expansion 
ROM serves this function. 


5.1 
Software Design Considerations 


The memory 
system uses four separately 
selectable 
Flash 
memory 
devices 
connected 
to a 32-bit 
data 
bus. 
This 


presents 
several 
software 
design 
considerations 
when 
programming 
the card. 


5.1.1 
Erasing/Programming Algorithms 


Standard 
Flash 
implementations 
provide 
contiguous 


address 
space for each chip implemented. 
Since the card 


implements 
a 32-bit data bus, the algorithms 
used to erase 


and program devices must change. 


Figure 4 shows 
the 
address 
map 
for a 
16-byte 
block 
within the 32-bit data bus implementation. 
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xxxx1 
xxxx2 
xxxx3 
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xxxx6 
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Device 0 
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xxxx8 
xxxx9 
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xxxxB 


xxxxC 
xxxxD 
xxxxE 
xxxxF 


~. 


Figure 4. Memory Block Address Map 


The 
erase/programming 
algorithms 
must 
take 
this 
into 


account since the contiguous 
address space spans multiple 


devices. 


Two methods 
can be used to address this issue. 


The 
first 
method 
is 
to 
create 
an 
algorithm 
that 


accounts 
for 
the 
fact 
that 
consecutive 
addresses 


within the same device differ by 4 instead of I. This 
method 
is. useful 
only 
when 
the 
programmer 
is 
running diagnostic 
routines on a specific device. 


The second method 
involves 
taking advantage 
of the 


32-bit 
data 
bus. 
When 
programming/erasing 
is 
initiated, 
the command 
code byte sent to the devices 
is replicated 
four times within a 32-bit command/data 


word. This invokes 
the program/erase 
operation 
on 


all four devices 
within that address line. When using 


this 
method, 
the 
programmer 
must 
verify 
that 


accesses 
are done on double-word 
boundaries. 
Once 


the command 
code is written, 
double-word 
accesses 


must then 
be performed 
to retrieve 
status 
from all 
four 
devices. 
A 
ready 
condition 
should 
not 
be 


acknowledged 
until 
ready 
is 
returned 
from 
all 
devices. 


5.2 
Applications 


Several 
applications 
were created 
for the Flash Memory 


PCI Add-in Card. These are available 
for download 
from 
Intel's 
World 
Wide Web site (http://www.intel.com; 
see 
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"Downloadable 
Files" on page 13 for more information). 
The following 
sections describe these applications. 


5.2.1 
COCHISE.EXE 


COCHISE.EXE 
is a DOS executable 
that provides 
the 
following 
high-level 
functions: 


Plug and Play identification 
of device 


Flash part detection 
and identification 


EraselWrite/Read 
testing of entire Flash space 


Device erase capability 


Download 
of DOS file to Flash 


Upload of Flash contents and storage in file 


The application 
is a menu based 
system 
that allows 
the 
user to choose which actions should take place. 


5.2.2 
CUPLOAD.EXE 


CUPLOAD.EXE 
is a DOS executable 
that transfers 
a file 
from 
the 
system 
(motherboard) 
to 
the 
Flash. 
The 
executable 
verifies that the card exists in the system using 
Plug and Play (PnP) 
BIOS 
calls, gets the configuration 
information 
for the pcr device and the Flash devices, and 
then copies 
the file from the system 
to the Flash. 
The 
executable 
supports 
other 
functions. 
To 
determine 
the 
available 
options, type I? on the command 
line. 
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5.2.3 
CDNLOAD.EXE 


CDNLOAD.EXE 
is a DOS executable 
that transfers 
the 


contents 
of the Flash 
devices 
on the card to a specified 


DOS binary file. The executable 
verifies the existence 
of 
the card within 
the system 
(through 
the Plug 
and Play 


BIOS), r~trieves the Flash device information, 
and copies 


the data from the Flash 
device 
to the specified 
file. To 
determine 
available 
options 
for the executable, 
use the I? 


Option on the command 
line. 


5.3 
Software 
Alternatives 


The 
card 
could 
be used 
by an operating 
system 
as a 


nonvolatile 
storage device. To do this, the user must write 


a device 
driver 
that 
enables 
the 
operating 
system 
to 


format, 
write 
and read 
the Flash 
devices 
on the card. 


Several 
Flash file system 
alternatives 
exist that could be 


used 
once 
the 
driver 
is 
written. 
This 
option 
is 
not 


addressed 
within this application 
note. 


5.4 
Boot Execution 


Typical 
embedded 
applications 
do 
not 
require 
user 


interaction 
before they begin execution. 
Possible solutions 


to execute 
the. code stored in the card upon system 
start 


are dependent 
upon the capabilities 
of the. system BIOS. 
The following 
sections 
describe 
the options 
based 
upon 


the capabilities 
of the BIOS. 


5.4.1 
BIOS Boot Specification 
1.01 


The 
BIOS 
Boot 
Specification 
as defined 
by Compaq, 


Phoenix 
Technologies 
and Intel provides 
the means 
for 


any 
device 
in a system 
to be 
identified 
as an Initial 


Program 
Load (iPL) device. If the system BIOS supports 


this specification, 
the expansion 
ROM within the card can 


indicate that it is an available 
IPL device. 


The BIOS maintains 
a list of available 
IPL devices 
and 


assigns 
a priority 
to the devices. 
The user can change 
to 


the 
IPL 
order/priority 
of the 
available 
devices. 
If the 


expansion 
ROM is used as an IPL device, the IPL code 


must be contained 
within the expansion 
ROM space of the 


card. The system 
BIOS calls the Bootstrap 
Entry Vector 
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(BEV) to boot the operating 
system. The expansion 
ROM 
either 
copies 
the OS to DRAM 
for execution 
or jumps 


directly to the entry point of the image contained 
in Flash. 


Example 
ROM 
code 
is 
available 
which 
provides 
an 
example 
of how to implement 
a Plug and Play IPL device. 


Please 
see the BIOS 
Boot Specification 
for a complete 


description 
of all required 
tables 
and actions 
to support 


this capability. 


5.4.2 
Expansion 
ROM Initialization 


If the 
system 
BIOS 
does 
not 
support 
the 
PnP 
Boot 
Process, 
the expansion 
ROM can take advantage 
of the 
expansion 
ROM initialiiation. 
During the POST process, 
the system BIOS shadows 
all valid expansion 
ROMs and 
calls the initialization 
routines. 
The card can determine 
if 
the BIOS supports 
the PnP installation 
and boot process 


by checking 
input parameters 
provided 
to the unitization 


routine. 


If the system BIOS does not support the BIOS boot speci- 
fication 
(as determined 
at run 
time 
by 
the 
expansion 
ROM), 
the expansion 
ROM can perform 
any necessary 


initialization, 
and prior to returning 
control 
to the system 
BIOS can perform one of the following 
actions: 


Provide a option screen for the user to select available 
boot options 


Automatically 
load the image to DRAM 
from Flash 


and execute 


Jump to the entry point in the Flash image to provide 
eXecute 
In Place (XIP) for the image 


When this method 
is used, it is recommended 
to use the 


first option. If the other options are chosen, 
the flexibility 


of the system to boot from alternate 
devices 
upon request 


and recover 
from boot failure is limited. 


6.0 
VHDL Code 


Figure 5 
shows 
the 
functional 
block 
diagram 
of 
the 


VHDL code used for the Flash Memory 
PCI Add-In Card 


design. VHDL code is available 
from Intel's 
World Wide 


Web 
site 
(http://www.intel.com; 
see 
"Downloadable 


Files" on page 13 for more information). 
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Xilinx XC4013* FPGA 
~ 
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•• 
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Figure 5. VHDL Code Block Diagram 


7.0 
Schematicand MaterialList 


Schematics 
and 
the 
material 
list 
are 
available 
from 
Intel's 
World 
Wide 
Web 
site 
(http://www.intel.com; 
see 


"Downloadable 
Files" on page I3 for more information). 


8.0 
VendorContactList 


Xilinx, Inc. 
2 I00 Logic Drive 
San Jose, CA 95124 
(408}559-7778 


Intel Corporation 
2200 Mission College Blvd. 
Santa Clara, CA 95052-8119 
(408) 765-8080 
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9.0 
Specification 
Summary 


PCI compatibility: 
Revision 
2.1 


Logical 
PCI Interface: 
Xilinx LogiCORE 
PCI Slave Interface 
(LC-DI-PCIS-C) 


Programmable 
Logic: 
Xilinx XC4013E-2PQ208C 


Configuration 
PROM: 
XC17256DPD8C, 
256 Kblt Serial PROM 


Development 
Software: 
Synopsys* 
VHDL FPGA-Compiler, 
Xilinx Foundation 
Series 6.0.2, XACT* 
6.0 for PC 


Flash Array Devices: 
Intel FlashFile™ 
Memory Architecture 
28F004S5, 
28F016S5 


Flash access time: 
85 ns (28F004S5), 
95 ns (28F016S5) 


Expansion 
ROM: 
Intel Boot Block Flash Memory 
(E28F200-B5-B60) 


Electrical 
voltage: 
5 Vcc' 5 Vpp 


Operating 
Frequency: 
33 MHz 


Data Path: 
32 bits 


10.0 
Related Documents 


These documents 
are available 
for download 
from Intel's 
World Wide Web site at http://www.intel.com. 


Table 
4. 
Related 
Documents 


Document 
Order 
Number 


Byte-Wide 
Smart 5 FlashFile™ 
Memory 
Familydatasheet 
290597 


2-Mbit 
Boot Block Flash Memory 
Family datasheet 
290448 


Intel Embedded 
Processor 
Module datasheet 
273105 


Intel Embedded 
Processor 
Module Evaluation 
Board 
273122 
Developer's 
Manual 


This document 
can be ordered 
from the 
PCI Local Bus Specification, 
Revision 
2.1 
PCI Special 
Interest group at: 


http://www.pcisig.com 


10.1 
Downloadable 
Files 


Files mentioned 
in this document 
are available for download 
from the Intel World Wide Web site at http://www.intel.com. 


Search for FL_AIC.EXE 
to find the following 
information 
related to the Flash Memory 
PCI Add-In Card proof of concept 
design: 


Bill of Materials 
for the card 


VHDL source code and description 


FPGA Serial ROM code used on the card 


Software 
executables 
discussed 
in this application 
note 


Schematics 
for the card 


1998 Pent{urrflP Processor 
Databook 
3-71 


1998 Pentju~ 
Processor Databook 


intel· 


PENTIUM® PROCESSORS 
FOR MOBILE SYSTEMS 


INTRODUCTION 


Intel manufactures a reduced power version of the Pentium® processors, including the 
Pentium processor with voltage reduction technology, the mobile Pentium processor with 
MMXTMtechnology (0.35 Micron), and the latest mobile Pentium processor with MMX 
technology on 0.25 Micron, targeting the mobile market. The Pentium processor for mobile 
systems is offered in the Tape Carrier Package (TCP), the Plastic Pin Grid Array (PPGA) 
package, and Intel Mobile Module. It has all the advanced features of the Pentium processor 
for desktop systems. 


The mobile Pentium processor with MMX technology on 0.25 Micron has several features 
which allow high-performance notebooks to be designed, including the following: 


• 
TCP dimensions are ideal for small form-factor designs. 


• 
TCP has superior thermal resistance characteristics. 
• 
1.8V (166/200/233MHz)/2.0V (266MHz) core and 2.5V 110 buffer Vcc inputs reduce 
power consumption significantly. 


• 
The SL Enhanced feature set, which was initially implemented in the Intel386™ CPU. 


The architecture and internal features of the mobile version of the Pentium processor are 
identical to the desktop processor specifications provided in this document, except several 
features not used in mobile applications which have been eliminated to streamline it for 
mobile applications. 
The mobile Pentium ·processor family now consists of the following 
products: 


• 
Mobile Pentium" processor with MMX™technology on 0.25 micron at 266 MHz 
• 
Mobile Pentium processor with MMX technology on 0.25 micron at 233 MHz 
• 
Mobile Pentium processor with MMX technology on 0.25 micron at 200 MHz 
• 
Mobile Pentium processor with MMX technology on 0.25 micron at 166 MHz 
• 
Mobile Pentium processor with MMX technology at 166 MHz 
• 
Mobile Pentium processor with MMX technology at 150 MHz 
• 
Mobile Pentium processor with MMX technology at 133 MHz 
• 
Mobile Pentium processor with MMX technology at 120 MHz 
• 
Mobile Pentium processor at 150 MHz 
• 
Mobile Pentium processor at 133 MHz 
• 
Mobile Pentium processor at 120 MHz 


1998 Pentiu~ 
Processor Databook 
4-1 
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DOCUMENT 
REFERENCE 
LIST 


For 
information 
regarding 
Pentium 
processors 
for 
mobile 
systems, 
you 
may 
obtain 
documents 
listed in the table below by calling our toll-free 
Literature 
Distribution 
Center 
at 
800-548-4725 
in the U.S. and Canada. 
For all other geographies, 
please contact 
your local 
sales office or distributor. 


Document 
Reference 
List 


Document 
Title 
Document 
Type 
Document 
Number 


PentiurrfB) Processor 
with MMXTM Technology 
on 0.25 Micron 
Datasheet 
2435152 


Mobile Module 


Mobile PentiumB' Processor 
with MMXTM Technology 
on 0.25 
Datasheet 
2434682 
Micron 


Intel PentiumB> Processor 
with MMXTM Technology 
Mobile 
Datasheet 
2433282 
Module 


Mobile PentiumB> Processor 
with MMXTM Technology 
Datasheet 
2432922 


Pentium® 
Processor 
at iCOMP® 
Index 815\100 
MHz 
Datasheet 
2429732 


Pentium 
Processor 
at iCOMP 
Index 735\90 MHz 
~ 


Pentium Processor 
at iCOMP Index 610\75 MHz 


with Voltage 
Reduction 
Technology 


PentiurrfB) Processor 
at iCOMP® 
Index 610\75 
Datasheet 
2423232 


PentiurrfB) Processors 
with Voltage Reduction 
Technology 
at 
Datasheet 
2425572 


75/100/120/133/150 
MHz 


Mobile PentiumB' Processor 
with MMXTM Technology 
Performance 
Brief 
2433022 
Performance 
Brief 


Mobile PentiumB' Processor 
with MMXTM Technology 
on 0.25 
Design Guide 
2435712 
Micron System 
Design Considerations 


Notebook 
Power Computing: 
Power and Performance 
Application 
Note 
2433082 


Analysis 


AP-577 An Introduction 
to Plastic Pin Grid Array (PPGA) 
Application 
Note 
2431032 


Packaging 


PentiurrfB) Processor 
with Voltage 
Reduction 
Technology: 
Application 
Note 
2425581 


Power Supply Design Considerations 
for Mobile Systems 


PentiurrfB) Processor 
(610\75) 
Design Considerations 
for 
Application 
Note 
2424171 
Mobile Systems 


PentiurrfB) Processor 
(610\75) 
Power Supply Considerations 
Application 
Note 
2424151 
for Mobile Systems 


Packaging 
Databook 
2408002 


NOTE: 


1. 
These documents 
may be obtained 
by contacting 
your local sales office. 


2. 
These documents 
may also be obtained 
by visiting 
Intel's web site at 


htlp:llwww.intel.com/design/mobile 
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INTEL Pentium® OverDrive® PROCESSOR 


• 
Powerful CPU Upgrade for Intel486™ 
CPU-Based Systems 
- 
Makes Intel Procesor-Based Systems 
Run Faster 
- 
Significantly Accelerates All 
Software Applications 


• 
Designed for Systems Based on: 
-lntel486™ 
SX Processors 
-lntel486TM 
OX Processors 
-lnte1SX2™ 
Processors 
-lnte1DX2TM 
Processors 


The 
Pentium® 
OverDrive® 
processor 
upgrades 
Intel486™ 
processor-based 
systems 
to Pentium 
processor 


technology. 
It features 
a true 
Pentium 
processor 
core (Superscalar 
Architecture, 
Branch 
Prediction, 
and faster 
floating point unit), silicon enhancements 
(separate 
code and data caches, 
16 KB each, and 32-bit bus interface), 
and package 
innovations 
(on-package 
voltage 
regulation 
and fan heat sink). 


• 
Compatible with Installed Base of 
Thousands of Applications 


• 
Based on Advanced Intel Pentlum~ 
Processor Technology 


• 
Incorporates SMM Power Saving 
Features 


290544-25 


'Other brands and names are the property of their respective owner. 


Information in Ihis documant is providad solely to anabla use of Intal products. Intal assumas no liability whatsoever, including inlringarnent of 
any patent or copyright. for sale and use of Intal products except as provided in lntel's Tarms and Conditions of Sala for such products. 
Information contained herein supersedes previously published specifications on these davices from Intel. 
® INTEL CORPORATION, 1995 
June 1915 
Order Number: 290544-001 
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1.0 
INTRODUCTION 


This data sheet describes the Intel Pentium Over- 
Drive processor, a CPU upgrade for most Intel486 
SX, Intel486 DX, IntelSX2, and IntelDX2 processor- 
based systems. This processor upgrade will signifi- 
cantly accelerate all software applications run on 
your existing system, thereby increasing the overall 
performance of your PC. 


It is important to note that this data sheet is intended 
to be used in conjunction with the /nte/486 
Micro- 
processor 
Family 
Databook 
(242202-002). Only in- 
formation which is not in the databook will be includ- 
ed in this datasheet. 


1.1 
Pentlum@ OverDrlve,@ Processor 
Product Overview 


The Pentium OverDrive processor is the highest per- 
formance CPU upgrade available for systems based 
on the Intel486 family of CPUs. It brings Pentium 
processor technology (including Superscalar Archi- 
tecture, Branch Prediction, faster floating-point unit, 
and separate data and code caches) to Intel486 
processor-based systems. 


Inclusion of the Pentium OverDrive processor socket 
in systems based on the Intel486 family of micro- 
processors provides the end user with an easy and 
cost-effective way to increase system performance. 
The majority of upgrade installations which take ad- 
vantage of the Pentium OverDrive processor socket 
will be performed by end users and resellers. There- 
fore, it is important that the design be "end user 
easy", and that the amount of training and technical 
expertise required to install the OverDrive proces- 
sors be minimized. Upgrade installation instructions 
should be clearly described in the system user's 
manual. In addition, by making installation simple 
and foolproof, PC manufacturers can reduce the risk 
of system damage, warranty claims and service 
calls. Feedback from Intel's upgrade customers 
highlight three main characteristics of end user easy 


1998 Pentiu~ 
Processor Databook 


Intel Pentium@ OverDrive® 
Processor 


designs: accessible socket location, clear indication 
of upgrade component orientation, and minimization 
of insertion force. Recommendations regarding de- 
signing for easy upgradability appear in Section 9. 


1.2 
Product Description 


The Pentium OverDrive processor is designed to up- 
grade systems based on Intel486 SX, Intel486 DX, 
IntelSX2, and IntelDX2 processor-based systems 
and is based on Intel's Pentium processor technolo- 
gy. It is 100% binary compatible with the 8086/88, 
80286, Intel386 DX, Intel386 SX, Intel486 DX, In- 
tel486 SX, IntelSX2, and the IntelDX2 processor 
family. 


The Pentium OverDrive processor provides signifi- 
cant improvements over the Intel486 CPU including: 


• Superscalar Architecture 
• Dynamic Branch Prediction 
• Pipelined Floating-Point Unit 
• Separate 16K Code and 16K Data Caches 
• Improved Instruction Execution Times 
• Write back MESI Protocol implemented in Data 
Cache 


• System Management Mode 


The Pentium OverDrive processor significantly in- 
creases the integer performance, and can attain up 
to 2x floating-point performance relative to an equiv- 
alent frequency IntelDX2 processor. The initial target 
bus frequencies for the Pentium OverDrive proces- 
sor are 25 MHz and 33 MHz. 


Figure 1-1 shows the Pentium OverDrive proces- 
sor's two pipelines and floating-point unit that are 
capable of independent operation. Each pipeline is- 
sues frequently used instructions in a single clock. 
Together, the dual pipes can issue two integer in- 
structions in one clock, or one floating point instruc- 
tion (under certain circumstances, 2 floating point 
instructions) in one clock. 
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Figure 1-1.Pentlum~ OverDrlve~ Processor Block Diagram 
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The 
floating-point 
unit 
has been 
completely 
rede- 
signed 
over 
the 
IntelDX2 
processor. 
Faster 
algo- 
rithms provide 
at least 3X internal 
speed-up 
for com- 
mon floating 
point operations 
including 
ADD, 
MUL, 
and 
LOAD. 
With 
instruction 
scheduling 
and 
over- 
lapped 
(pipelined) 
execution, 
these 
three 
perform- 
ance enhancements 
can allow many math intensive 
applications 
to achieve 
a 2X performance 
boost. 


The Pentium OverDrive 
processor 
implements 
32-bit 
address 
and data busses. 


The 
block 
diagram 
shows 
that 
the 
Pentium 
OverDrive 
processor 
contains 
two 
instruction 
pipe- 
lines, the "u'' pipe and the "v" pipe. Both the u- and 
the v-pipes 
execute 
integer 
instructions, 
while 
only 
the u-pipe 
executes 
floating 
point instructions. 
The 
one 
exception 
is the 
FXCH 
instruction 
which 
may 
also be executed 
in the v-pipe. Therefore, 
the Penti- 
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um OverDrive 
processor 
is capable 
of executing 
two 
integer 
instructions 
in each 
clock, 
or one 
floating 
point instruction 
in each clock. Floating 
point instruc- 
tions 
can 
be paired 
in certain 
conditionsul, 
Each 
pipeline 
has its own address 
generation 
logic, arith- 
metic logic unit and data cache 
interface. 


NOTE: 
1. 
Refer 
to 
the 
Pentium Processor Data 
Book 
for more information 
on instruction 
ex- 
ecution 
timing and pairing. 


Note 
that 
there 
are two 
separate 
caches, 
a code 
cache and a data cache. 
The data cache 
has three 
tag ports, 
one 
for each 
of the two 
pipes 
and one 
dedicated 
to handle 
snoops 
from other 
processors. 


It has 
a dedicated 
Translation 
Lookaside 
Buffer 
(TLB) to translate 
linear 
addresses 
to the physical 
addresses 
used by the data cache. 
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Pentium OverDrive processor architecture. The con- 
trol ROM unit has direct control over both pipelines. 


1.3 Purpose of this Document 


This document describes the system architecture 
and physical environment of the Pentium OverDrive 
processor. It also outlines differences between the 
Intel486 Family of processors and the Pentium 
OverDrive processor. 


1.4 Compatibility Note 


In this document, some register bits are shown as 
"Intel Reserved" (RES) and some pins are marked 
as "No Connects" (NC) or "Reserved" (RES). When 
reserved bits are called out, treat them as fully unde- 
fined. This is essential for software compatibility with 
future processors. When a pin is marked as a "NC" 
or "RES" it is important to not connect any other 
signals to such pins to ensure proper operation. Intel 
strongly recommends that you follow the guidelines 
below: 
1) Do not depend on the states of any undefined 
bits when testing the values of defined register 
bits. Mask them out when testing. 
2) Do not depend on the states of any undefined 
bits when storing them to memory or another reg- 
ister. 
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The INC pin will never be used for any other 
function. 


2.0 
Pentium~ OverDrive~ 
PROCESSORSPECIFICATIONS 


The 
Intel 
Pentium OverDrive 
processor 
socket 


specifies 237 contacts. The 237 contacts correspond 
to a standard 240 pin socket with one inside "KEY" 
contact, 
one 
outer 
"KEY" 
contact 
and 
four 


'orientation' contacts plugged on the outside corner. 
The Pentium OverDrive processor itself (not the 
socket) does not have any "KEY" pins. The five 
contacts plugged on the outside corner ensure 
proper 
orientation 
for 
the 
Pentium 
OverDrive 
processor. The Pentium OverDrive processor pinout 
is shown in Figures 2-1 and 2-2. 


Please note that the boundary scan pins (TCK, 
TDO,TDI, and TMS), and all testability pins have 
been removed from the production version of the 
Pentium OverDrive processor. An engineering sam- 
ple will be available that will allow the use of bounda- 
ry scan and testability functions. For more informa- 
tion on boundary scan and testability pins, please 
contact Intel. 
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2.1 
Pentium@ OverDrive@ 
Processor 
Pin out 
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A23 VCC 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
D22 
021 
018 013 
VCC 08 
VCC 03 
05 
VCC 06 
VCC 01 
A29 
VSS 
A25 A26 VSS 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
020 
019 
011 09 
VSS 
OPI 
VSS VSS vcc 
vss 
vss 
VSS 
02 
00 
A31 
A28 
A27 
HIT' 


1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
000 
0 
1 
vcc 
VSS RESCACHU/SS VCC VCC vcc 
VSS INV EWBEtVSS 
vcc 
VSSWBlWTIHITM. 


A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
L 
M 
N 
P 
Q 
R 
S 
T 
U 
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-NOTE: 
Pin A 1 is located 
in the lower 
left corner 
to make the labels 
on the top plate of Intel processors 
orient 
right side up. All 
"RES" 
and "Ne" pins should 
be left unconnected 
to insure proper 
operation. 


Figure 
2-1. Pentium(ID OverDrive 
(IDProcessor 
Pinout 
(Top Side View) 
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U 
T 
S 
R 
.Q 
P 
N 
M 
L 
K 
J 
H 
G 
F 
E 
0 
C 
B 
A 


19 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
v'6c v~s 
R~S s. 
19 
RES RES VSS VCC VSS RES 
VSS VSS VCC VCC VCC VSS VSS 
INIT vss 


18 
0 
A~S' 
I~C 
P'6HKWC§S~IR' 
vC§s vC§s v~s ~o 
v~s 
vC§s B~3' 
~ss 
£FFIl~16,80S 
•••9.0LO<;:lE 
18 
RES 


17 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
17 
VSS 
AI, BLASTIPLOCKItCCMlIO. VCC VCC VCC BEl. 
VCC 
VCC ROYl VCCBSS. RESEllNC INTR vss 


16 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
16 
VCC 
AB 
A3 
BREa HLOALOCKtDlCt PWT BEO. BE241BROYtlTPCLIOtENfHOLOI\2OMFLUSHflMIIGNNEINCC 
15 
0 
v~s 
/8c s 
It?C &.. 
I~C v~s 
15 
vss 
14 
0 
0 
0 
0 
0 
0 
0 
0 
14 
VSS 
Al0 
A8 
A7 
NC 
INC FERRWSS 
13 
0 
0 
0 
0 
0 
0 
0 
0 
13 
vss 
VSS All 
AS 
SMIACTINC INC 
vss 
12 
0 s; 
0 
0 
I~C 
~cc 
~s 
v~s 
12 
vss 
VCC A9 
11 
0 
0 
0 
0 
. 
0 
0 
0 
0 
11 
vcc 
vss 
VCC A13 
• 
INC SMIf 
INC 
VCC 
10 
0 
0 
0 
0 
0 
0 
0 
0 
10 
vcc 
vss 
VCC 
A16 
030 
VCC VSS vcc 
9 
0 
v~s 
0 
0 
BOTTOM SIDE VIEW 
g8 
0 
0 
v~c 
9 
vcc 
vcc 
A20 
031 
D29 
8 
v~s 
R2 Rs ik 
REV517194 
0>26v£c 
~S 
~s 
8 


7 
0 
0 
0 
0 
0 
0 
0 
0 
7· 
vss 
vss 
VCC A24 
027 
025 
024 BLEN 
6 
0 
0 
0 
0 
V~C V~S 0~3 
R~S 
6 
VSS 
All, 
A18 
A21 
5 
.s & 
.}Ss .Rg 
.R:c v~s 
~3 
v~s 
5 


4 
vgc 
0 
S'cc A?r 
0 
oifu 
0 
~7 
094 
096 ~ 
0 
095 o?o 
~7 
RK 
~ss 
0 
4 
A23 
A30 
04 
012 
INC 
3 
0 
0 
0 
0 
0 
0 s: ~ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
VSS A26 
A2S 
VSS A29 
01 
VCC 05 
03 
VCC 
08 
VCC 
013 
018 
021 
D22 
2 
0 
0 
0 
0 
0 
0 
vf§s 
v~s 
vC§s V~C 
v~s 
v~s 
091 
v~s s o?' 
8\9 
090 
2 
Hilt 
A27 
A28 
A31 
DO 
02 


HI~~W~S 
vgc 
v~s 
~E..g 
v~s 
v8c 
v8c 
v8c 
v~SCA8HEtR~S 
v~s 
v&>c 
1 
I 
U 
T 
S 
R 
a 
p 
N 
M 
L 
K 
J 
H 
G 
F 
E 
0 
C 
B 
A 
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"NOTE: 
Pin A1 is located in the lower left corner to make the labels on the top plate of Intel processors orient right side up. All 
"RES" and "Ne" pins should be left unconnected to insure proper operation. 


Figure 
2·2. Pentlum\!> OverDrive\!> 
Processor 
Pin out (Bottom 
Side View) 
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2.2 
Pin Cross Reference 


Address 
Data 
Control 
NIC 
Ycc 
Yss 


A2 
R15 
DO 
02 
A20M# 
E16 
INV 
N1 
A19 
L1 
A5 
M18 
A3 
S16 
01 
P3 
AOS# 
T18 
KEN# 
G16 
014 
A9 
L3 
A8 
M19 
A4 
T17 
02 
P2 
AHOLO 
B18 
LOCK# 
P16 
A10 
L17 
A12 
N2 
A5 
R13 
03 
J3 
BEO# 
L16 
M/IO# 
P17 ~ 
A11 
L19 
A13 
N18 
INC 
A6 
T16 
04 
N4 
BEU 
K17 
NMI 
C16 - 
A16 
M17 
A14 
N19 
A7 
R14 
05 
K3 
BE2# 
K16 
PCO 
K18 
B11 
C8 
N3 
A15 
01 
A8 
S14 
06 
M3 
BE3# 
G18 
PCHK# 
A18 
B13 
C10 
N17 
A17 
018 
A9 
R12 
07 
M4 
BLAST # 
S17 
PLOCK# 
R17 
B4 
C12 
017 
B8 
019 
A10 
T14 
08 
G3 
BLEN# 
A7 
PWT 
M16 
B15 
01 
R1 
B10 
R3 
A11 
S13 
09 
E2 
BOFF# 
E18 
AOY# 
G17 
C17 
05 
R19 
B12 
S1 
A12 
T8 
010 
F4 
BAOY# 
J16 
RESET 
017 
C13 
06 
S4 
C4 
S5 
A13 
R11 
011 
02 
BREQ 
R16 
SMI# 
C11 
C14 
019 
S7 
C5 
S19 
A14 
T6 
012 
H4 
BS8# 
E17 
SMIACT# 
013 
011 
F3 
S9 
C6 
T7 
A15 
S8 
013 
E3 
BS16# 
018 
STPCLK# 
H16 
012 
F17 
S10 
C19 
T9 
A16 
A10 
014 
L4 
CACHE# 
G1 
UP# 
C15 
015 
H3 
S11 
E1 
T10 
A17 
R4 
015 
G4 
CLK 
04 
W/R# 
P18 
S18 
H17 
S12 
E19 
T11 
A18 
S6 
016 
K4 
O/C# 
N16 
WS/WT# 
T1 
T5 
J1 
S15 
F2 
T12 
A19 
A5 
017 
E4 
OPO 
P4 
J17 
U4 
F18 
T13 
A20 
A9 
018 
03 
OP1 
G2 
J19 
U9 
G19 
T15 


A21 
A6 
019 
C2 
OP2 
J4 
I--- 
K1 
U10 
H1 
U3 
A22 
A8 
020 
B2 
OP3 
B6 
RES 
K2' 
U11 
H2 
U5 
A23 
T4 
021 
C3 
EAOS# 
C18 
I--- 
K19 
U16 
H18 
U6 
A24 
A7 
022 
B3 
EWBE# 
P1 
A6 
H19 
U7 
A25 
S3 
023 
B5 
FERR# 
B14 
A18 
J2 
U8 
A26 
T3 
024 
B7 
FLUSH# 
016 
B19 
J18 
U12 


A27 
T2 
025 
C7 
HIT# 
U2 
F1 
. 
L2 
U13 


A28 
S2 
026 
08 
HITM# 
U1 
P19 
L18 
U14 
A29 
03 
027 
07 
HLOA 
016 
T19 
M1 
U15 
A30 
04 
028 
09 
HOLD 
F16 
U18 
M2 
U17 
A31 
R2 
029 
B9 
IGNNE# 
B16 
U19 


030 
010 
INIT 
F19 
031 
C9 
INTA 
B17 
... 


Table2·1.Pentlumi!!> 
OverDrlvei!!> 
ProcessorPinCrossReference 


'If 
deslgmng 
for single 
socket 
compatlbihty 
with future 
Pentium 
OverDrive 
processors, 
pin K2 may be connected 
to vcc via 
a circuit 
to limit the current 
through 
the pin. Please 
contact 
Intel for more information 
about 
compatibility 
with future 
Pentium 
OverDrive 
processors. 


2.3 
Pentium@ OverDrive@ Processor 
Pin Descriptions 


more information on the pinout differences between 
the Write-Back Enhanced IntelOX2 processor and 
the Pentium OverDrive processor, please see Sec- 
tion 10. 
This section provides a summary of the Pentium 
OverDrive processor pins and how they function. For 
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2.3.1 
SIGNAL 
DESCRIPTIONS 


Table 
2-2 provides 
a brief pin description. 


Table 2·2 Signal 
Description 


Symbol 
Type 
I 
Name and Function 
1 


INTERRUPTS 


iNIT 
I 


CACHE 
CONTROL 


WS/WTo# 
I 


The INIT pin is the Pentium OverDrive 
processor 
initialization 
pin. Since the SL- 
enhanced 
Intel486 
processors 
implement 
this functionality 
on the SRESET 
pin, the 
corresponding 
pin (D11) on the Pentium OverDrive 
Processor 
is defined 
as an INC 
pin so that pin F19 and pin D11 may be tied together 
on the motherboard. 
INIT will 
force the Pentium OverDrive 
Processor 
to begin execution 
in a known state. The 
processor 
state after INIT is the same as the state after RESET except that the 
internal caches, 
floating 
point registers, 
and the SMM base register 
retain whatever 
values they had prior to INIT. INIT may NOT be used in lieu of RESET after power- 
up. INIT can not be used to cause the processor 
to enter SIST or Tri-State 
Test 
Mode. INIT is an edge triggered 
interrupt 
and is processed 
at instruction 
boundaries. 


Since INIT is an interrupt, 
ADSo# may be driven even if INIT is active. Recognition 
of INIT is guaranteed 
in a specific 
clock if it is asserted 
synchronously 
and meets 
setup and hold times. To guarantee 
recognition 
if INIT is asserted 
asynchronously, 
it 
must have been deasserted 
for a minimum of two clocks before being returned 
active to the processor 
and remain asserted 
for a minimum 
pulse width of two 
clocks. 
INIT must remain active for three clocks prior to the BRDY 0#or RDY 0#of 


1/0 write cycle to guarantee 
the processor 
recognizes 
and performs 
INIT right after 
110 write instruction. 
INIT is asynchronous 
but must meet setup and hold times t20 
and t21 to be recognized 
on anyone 
clock. INIT is supplied 
with an internal 
pull- 
down. 


This pin allows a cache line to be defined as write back or write through 
on a line by 
line basis. As a result, it controls 
the MESI state that the line is saved in. This pin is 
sampled 
in the clock in which the first BRDY 0#or RDY 0#is returned 
for a read cycle 
or a write through 
cycle. However, 
it must the meet setup and hold times at every 
clock. Cache lines are not allocated 
on write through cycles. This pin is also used as 
a configuration 
pin at the falling edge of RESET only. If WB/WT 
0#is driven low, or 
left unconnected, 
the processor 
will operate 
in a standard 
bus (write 
through 
only) 
mode. This means that the Pentium OverDrive 
processor 
will run in an 
IntelDX2 processor 
compatible 
write through only cache mode. If WB/WT 
0#is 
driven high, the processor 
will operate 
in enhanced 
bus (write 
back) 
mode. INIT 
can not be used to change 
the mode of the processor 
with WB/WT 
0#.During 
RESET, WB/WT 
0#should be held at its desired value for two clocks 
before and 
after the falling edge of RESET. WB/WTo# 
is ignored when the processor 
is in 
standard 
bus mode. Please see Section 3 for a detailed 
description 
of the two 
modes of operation. 
WB/WT 
0#has an internal pull down resistor 
to force the 
processor 
into the standard 
bus mode if left unconnected. 
The pin timings must 
meet setup and hold times t38 and t39 on every clock edge. 
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Symbol 
Type 
Name and Function 
- 


CACHE 
INQUIRE 


EWBE,* 
I 
The External 
Write Buffer Empty pin, when inactive (HIGH), indicates 
that a write 
through cycle is pending 
in the external 
system: When the processor 
generates 
a 
non-write 
back cycle, and EWBE,* 
is sampled 
inactive, the processor 
will hold off all 
subsequent 
writes to all E- or M- state lines until all write-through 
cycles have 
completed, 
as indicated 
by EWBE'* 
going active. This ensures 
that writes are visible 
from outside the processor 
in the same order as they were generated 
by software. 
When the Pentium OverDrive 
processor 
serializes 
instruction 
execution 
through 
the 
use of a serializing 
instruction, 
it waits for EWBE,* 
to go active before fetching 
and 
executing 
the next instruction. 
EWBE,* 
is sampled with each BRDY,* 
or RDY '* of a 
write through 
cycle. If sampled 
inactive, the processor 
will repeatedly 
sample 
EWBE'* 
in each clock until it is found active. Once sampled 
active, it will ignore 
EWBE,* 
until the next BRDY'* 
or RDY,* 
of a write cycle. EWBE,* 
is not sampled 
and has no effect on processor 
operation 
while the processor 
is in standard 
bus 
mode. If unused, EWBE'* 
should be tied LOW or left unconnected. 
EWBE,* 
is 
active low and must meet setup and hold times t38 and t39 and is supplied 
with an 
internal 
pull-down. 


HIT,* 
0 
This pin participates 
in an inquire cycle. If an inquire cycle hits a valid line in the 
processor, 
this pin is asserted 
two clocks after EADS,* 
has been driven to the 
processor. 
If the inquire cycle misses in the processor 
cache, this pin is negated 
two 
clocks after EADS '*. This pin changes 
its value only as a result of inquire cycle as 
described 
above and retains its value between 
any two inquire cycles. 


HITM,* 
0 
HITM'* 
is asserted 
when an inquire cycle hits a modified 
line in the Pentium 
OverDrive 
processor. 
It can be used to inhibit another 
bus master from accessing 
the data until the line is completely 
written back. HITM'* 
is asserted 
two clocks after 
an EADS,* 
assertion 
hits a modified 
line in the processor 
cache and deasserts 
after 
the last BRDY,* 
or RDY '* of the corresponding 
write back is returned. 
HITM'* 
is 
guaranteed 
to be deasserted 
before the ADS,* 
following 
a write back cycle. If an 
INVD instruction 
occurs at the same time as an external snoop, 
HITM'* 
may be 
asserted 
and deasserted 
without 
a corresponding 
ADS,* 
for a write back cycle. 


CACHE BURST CONTROL 


BLEN,* 
I 
BLEN,* 
controls 
if write back cycles will be attempted 
to run as burst cycles. When 
BLEN'* 
is HIGH, the processor 
will write out a dirty line as four separate 
writes, each 
with its own ADS'* 
and BLAST,*. 
When BLEN,* 
is LOW, a write back is done as a 
16 byte burst. Since BLEN,* 
is a constant 
input, meaning that it will have to be tied 


-- 
HIGH or LOW. As a result, it does not have setup and hold time specifications. 
BLEN,* 
is has no effect and is not sampled when the processor 
is in standard 
bus 
mode. BLEN'* 
is supplied 
with an internal pull-up resistor. 


CACHE,* 
0 
The CACHE '* pin is used to indicate 
a cache operation. 
CACHE'* 
will be active 
along with the first ADS,* 
until the first RDY '* IBRDY '* and is undefined 
during any 
other time period. On cacheable 
read accesses, 
CACHE,* 
will be asserted 
when 
PCD is low, except on locked cycles. CACHE,* 
will always be asserted 
in the 
beginning 
of cacheable 
reads (line fills and code prefetches) 
and can be used as an 
indication 
that the processor 
intends to perform a linefill. For write cycles, CACHE,* 
is active for write backs only. The beginning 
of a replacement 
write back can be 
uniquely 
identified 
by the presence 
of ADS,*, 
W/R'* 
and CACHE'* 
together. 
The 
beginning 
of a snoop write back is marked by ADS '*, WIR '*, CACHE,* 
and HITM '* 
being active together. 


Table 2·2. Signal Description 
(Continued) 
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Symbol 
Type 
Name and Function 


OEM CPU INTERFACE 


UP# 
0 
The upgrade present 
pin is used to signal the system OEM microprocessor 
to float its 
outputs 
and stop driving the bus. It is active low and is never floated. 
UP # is driven 
low at power-up 
and remains active for the entire duration of the Pentium OverDrive 
processor 
operation. 


INCPINS 


INC 
The INC pin is defined to be an internal 
no-connect. 
This means that the pin is not 
connected 
internally, 
and may be used for the routing of external 
signals. It will never 
be used for any other function, 
and is guaranteed 
to remain an INC pin. Any voltage 
level applied to an INC pin must remain within the processor vcc specifications. 
Most 
INC pins have a specified 
use in creating a design that supports 
multiple processors 
in 
one socket. 
For more information, 
please see Section 
9. 


Table 2-2. Signal Description 
(Continued) 


2.3.2 
OUTPUT 
PINS 


Table 2-3 lists all the output 
pins, indicating 
their active 
level, and when they are floated. 


Name 
Active 
When Floated 
Level 


BREQ 
HIGH 
, 


HLDA 
HIGH 


BE3#-BEO# 
LOW 
Bus Hold, Backoff 


PWT, PCD 
HIGH 
Bus Hold, Backoff 


W/R#, 
D/C#, 
M/IO# 
LOW 
Bus Hold, Backoff 


LOCK # 
LOW 
Bus Hold, Backoff 


PLOCK# 
LOW 
Bus Hold, Backoff 


ADS# 
LOW 
Bus Hold, Backoff 


BLAST# 
LOW 
Bus Hold, Backoff 


PCHK# 
LOW 


FERR# 
LOW 


SMIACT# 
LOW 


A3-A2 
HIGH 
Bus Hold, Address 
Hold and Backoff 


HIT#, 
HITM# 
LOW 


CACHE# 
LOW 
Bus Hold, Backoff 


UP# 
LOW 


Table 2-3. Output 
Pins 
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2.3.3 
INPUT 
PINS 


Table 2-4 lists all input pins; indicating 
their active level, and whether 
they are synchronous 
or asynchronous 
inputs. 


Name 
Active 
Synchronous/ 
Internal 
Qualified 
Level 
Asynchronous 
Resistor 


CLK 


RESET 
HIGH 
Asynchronous 
~ 


HOLD 
HIGH 
Synchronous 


AHOLD 
HIGH 
Synchronous 
PULLDOWN 


EADS# 
LOW 
Synchronous 
PULLUP 
- 


BOFF# 
LOW 
Synchronous 
PULLUP 


FLUSH # 
LOW 
Asynchronous 
PULLUP 


A20M# 
LOW 
Asynchronous 
PULLUP 
. 


BS16#, 
BS8# 
LOW 
Synchronous 
PULLUP 


KENI' 
LOW 
Synchronous 
PULLUP 


RDY# 
LOW, 
Synchronous 


BRDY# 
LOW 
Synchronous 
PULLUP 


INTR 
HIGH 
Asynchronous 


NMI 
HIGH 
Asynchronous 


IGNNE# 
LOW 
Asynchronous 
PULLUP 


BLEN# 
LOW 
Tie High or Low 
PULLUP 


EWBE# 
LOW 
Synchronous 
PULLDOWN 
BRDY#lRDY# 


INIT 
HiGH 
Asynchronous 
PULLDOWN 


INV 
HIGH 
Synchronous 
PULLUP 
EADS# 


STPCLK# 
LOW 
Asynchronous 
PULLUP 


SMI# 
LOW 
Asynchronous 
PULLUP 


WB/WT# 
BOTH 
Synchronous 
PULLDOWN 
FIRST 
RDY#lRDY# 


I 


Table 2-4. Input Pins 
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2.3.4 INPUTIOUTPUT PINS 


Table 2-5 lists all the input/output pins, indicating 
their active level, and when they are floated. 


Table 2-5 Input/Output 
Pins 


.. 


Name 
Active 
When Floated 
Level 


031-00 
HIGH 
Bus Hold, Backoff 


DP3-DPO 
HIGH 
Bus Hold, Backoff 


A31-A4 
HIGH 
Bus, Address Hold, 
Backoff 


3.0 
CACHE FUNCTIONALITY 


3.1 Cache Introduction 


Special hooks are provided to support the Pentium 
OverDrive processor on-chip write back cache and 
to maintain cache consistency. The external envi- 
ronment can dynamically change the caching policy 
of the Pentium OverDrive processor on a line by line 
basis. 


The Pentium OverDrive processor has separate 
code and data caches. Each of the caches are 
16 Kbytes in size and each is organized as a 4-way 


Intel Pentium@ OverDrive@ Processor 


set associative cache. The data cache follows the 
MESI cache consistency protocol while the code 
cache follows a subset of that protocol. For a com- 
plete description of the cache see the Intel486 
Mi- 
croprocessor 
Family Data Book(2). 
. 


NOTE: 
2. A generic discussion on the operation of 
cache memories can be found in the Intel 
Cache Tutorial available from your Intel sales 
representative or from Intel's Literature de- 
partment, order IF296543-002 . 


3.2 Cache Organization 


The Pentium OverDrive processor includes separate 
code and data caches on chip to meet its perform- 
ance goals. The code and data caches can be ac- 
cessed simultaneously. The code cache can provide 
up to 16 bytes of raw opcodes and the data cache 
can provide data for two data references all in the 
same clock. Each of the caches are accessed with 
physical addresses and each cache has its own TLB 
(translation look aside buffer) to translate linear ad- 
dresses to physical addresses. A cache consistency 
protocol called the MESI protocol is implemented in 
the data cache to ensure data consistency in a multi- 
processor environment. 


LRU 
DATA BLOCK 
WAY 0 
WAY 1 
WAY 2 
WAY 3 
TAG BLOCK 
WAY 0 
WAY 1 
WAY2 
WAY3 


SET 0 


SET 1 
•• 
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Figure 3-1. Conceptual Organization of Data Cache 
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Each of the caches are 16 Kbytes in size and each is 
organized as a 4-way set associative cache. There 
are 256 sets in each cache, each set containing 4 
lines. Each cache line is 16 bytes wide. Replace- 
ment in both the data and instruction caches is han- 
dled by a pseudo LRU mechanism which requires 
three bits per set in each of the caches. A conceptu- 
al diagram of the organization of the data cache is 
shown below in Figure 3-1. 


The data cache can support two data references 
simultaneously in one clock, one from each of the 
two pipelines. It is a write back cache with full sup- 
port for data consistency in a multimaster environ- 
ment. This is implemented with two status bits asso- 
ciated with each cache line. The data cache can op- 
tionally be configured in write through mode on a 
line by line basis when in write back cache mode. 
The storage array in the data cache is single ported 
but interleaved on 4 byte boundaries to be able to 
provide data for two simultaneous accesses to the 
same cache line. The tags in the data cache are 
triple ported. One of the ports is dedicated to snoop- 
ing while the other two are used to lookup two inde- 
pendent addresses corresponding to data refer- 
ences from each of the pipelines. The code cache 
tags are also triple ported. Again, one port is dedi- 
cated to support snooping and other two ports facili- 
tate split line accesses (simultaneously accessing 
upper half of one line and lower half of the next line). 


The data cache has a 4-way set associative, 64-en- 
try TLB for 4 KB pages and a separate 4-way set 
associative, 8-entry TLB to support 4 MB pages. The 
code cache has one 4-way set associative, 32-entry 
TLB for 4 KB pages as well as 4 MB pages which 
are cached in 4 KB increments. The TLBs associat- 
ed with the instruction cache are single ported 
whereas the data cache TLBs are fully dual ported 
to be able to translate two independent linear ad- 
dresses for two data references simultaneously. Re- 
placement in the TLBs ishandled by a pseudo LRU 
mechanism (similar to the Intel486TMCPU) that re- 
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quires 3 bits per set. The tag and data arrays of the 
TLBs are parity protected with a parity bit associated 
with each of the tag and data entries in the TLBs. 


3.3 
State Transition Tables 


Lines cached in the Pentium OverDrive processor 
can change state because of Pentium OverDrive 
processor generated activity or as a result of activity 
on the Pentium OverDrive processor bus generated 
by other bus masters (snooping). As shown in the 
following tables, state transitions occur because of 
Pentium 
OverDrive 
processor 
generated 
transactions (memory reads/writes) and snooping by 
the 
external 
system. 
This 
protocol 
has 
minor 
differencesfrom the MES1 protocol of the Write-Back 
Enhanced IntelDX2 processor as detailed in Section 
10.2. 


3.3.1 
READ CYCLE 


The state transitions for the data cache during reads 
are shown in Table 3-1. For a cache line that is in 
the M (Modified), E (Exclusive) or S (Shared) states, 
the data is transferred from the cache to the core, 
with no bus cycle generated. 


Three different cases can occur when a cache read' 
occurs for an I-state (Invalid) line. An access to an 
invalid line indicates a miss in the cache, so a read 
cycle will be generated. If the CACHE# and KEN# 
pins are sampled low, and WB/WT # is high, then 
the line will be stored in the E-state in the .cache. 
WB/WT # 
is sampled with the first BRDY# 
or 


RDY# of the transfer, while KEN# is sampled one 
clock before the first RDY# or BRDY#. If the 
CACHE# and KEN# are low, and WB/WT# 
is lOW, 
then the cache will be defined as write-through. If 
PWT is HIGH, cache line fills will always be stored 
as shared lines, even if WB/WT # is high. This will 
cause the line to be stored in a S state. If either 
CACHE# 
or KEN# is high, then the line is non- 
cacheable, so it will remain in the I state. 
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Present 
Pin Activity 
Next 
Description 
State 
State 


M 
nla 
M 
Read hit; data is provided 
to the Pentium OverDrive 
processor 
core by cache. No bus cycle is generated. 


E 
nla 
E 
Read hit; data is provided 
to the Pentium OverDrive 
processor 
core by cache. No bus cycle is generated. 


S 
nla 
S 
Read hit; Data is provided 
to the Pentium OverDrive 
processor 
by 
the cache. 
No bus cycle is generated. 


I 
CACHE# 
low 
E 
Data item does not exist in cache (MISS). A bus cycle (read) will 
AND 
be generated 
by the Pentium OverDrive 
processor. 
This state 


KEN# 
low 
transition 
will happen 
if WB/WT 
# is sampled 
high with first 


AND 
BRDY# 
or RDY#. 


WB/WT# 
high 
AND 
PWTlow 


I 
CACHE# 
low 
S 
Same as previous 
read miss case except that WB/WT 
# is 
AND 
sampled 
low with first BRDY # or RDY #. If PWT is high, 


KEN# 
low 
WB/WT# 
is ignored and the resulting 
line state is always "S". 


AND 
(WB/WT# 
low 
OR 
PWThigh) 
., 


I 
CACHE# 
high 
I 
KEN # pin inactive; 
the line is not intended 
to be cached 
in the 
OR 
Pentium OverDrive 
processor. 


KEN# 
high 
~ 


Table 
3-1. Data Cache 
State Transitions 
for Pentlum~ 
OverDrive!!) 
Processor 
Initiated 
Unlocked 
Read Cycles 


NOTE: 
The transition from I to E or S-states (based on WB/WT#) 
happens only if the line is cacheable. If KEN# is sampled high. 


the line is not cached and remains in the I-state. 


1998 PentiunP 
Processor 
Databook 
5-15 


Intel Pentium@ 
OverDrive<B> Processor 


3.3.2 WRITE CYCLE 


The state transitions of data caehe lines during Pen- 
tium OverDrive processor generated write cycles are 
illustrated in Table 3-2. Writes to SHARED lines in 
the data cache are always sent out on the bus along 
with updating the cache with the write item. The 
status of the PWT and WB/WT1I pins during these 
write cycles on the bus determines the state tran- 
sitions in the data cache during writes to S-state 
lines. 
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along with the first BRDY 11 or RDY 11 for the write 
cycle determines what state (E or S) the line tran- 
sitions to. 


The state transition from S to E is the only transition 
in which the data and the status bits are not updated 
at the same time. The data will be updated when the 
cycle is written to the Pentium OverDrive processor 
write buffers. The state transition does not occur un- 
til the write has completed on the bus (last BRDY 11 
or RDY 11 has been returned). Writes to the line after 
the transition to the E-state will not generate bus 
cycles. However. it is possible that writes to the 
same line that were buffered before the transition to 
the E-state will generate bus cycles after the tran- 
sition to E-state. 


A write to a SHARED line in the data cache will gen- 
erate a write cycle on the Pentium OverDrive proc- 
essor bus to update memory and/or invalidate the 
contents of other caches. If the PWT pin is driven 
high when the write cycle is run on the bus. the line 
will be updated. and will stay in the S- state regard- 
less of the status of the WB/WT 11 pin that is sam- 
pled with the first BRDY 11 or RDY 11. If PWT is driv- 
en low. the status of the WB/WT 11 pin sampled 


Table 3-2. Data Cache State Transitions for Pentluml8>OverDrlvel8>Processor Initiated Write Cycles 


An inactive EWBE 11 
input will stall subsequent 


writes to an E- or an M- state line until EWBE1I is 
returned active. 


Present 
Pin Activity 
Next 
Description 
State 
State 


M 
n/a 
M 
Write hit; update data cache. No bus cycle generated to update 
memory. 


E 
n/a 
M 
Write hit; update cache only. No bus cycle generated; line is now 
MODIFIED. 


S 
PWTlow 
E 
Write hit; data cache updated with write data item. A write through 
AND 
cycle is generated on bus to update memory and/or invalidate 
WB/WT1I high 
contents of other caches. All subsequent writes to E- or M-state 
lines are held off until completion of write cycle is known and state 
transition happens. 


S 
PWTlow 
S 
Same as above case of write to S-state line except that WB/WT 11 
AND 
is sampled low. 


WB/WT1I low 


S 
PWThigh 
S 
Same as above cases of writes to S-state lines except that this is a 
write hit to a line in a write-through page; status of WB/WT 11 pin is 
ignored. 


I 
n/a 
I 
Write MISS; a write through cycle is generated on the bus to 
update external memory. No allocation is done. 


NOTE: 
Memory writes are buffered while 110 writes are not. There is no guarantee of synchronization between completion of 
memory writes on the bus and instruction execution after the write. 
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3.3.3 INQUIRE CYCLES (SNOOPING) 


The purpose of inquire cycles is to check whether 
the address being presented is contained within the 
caches in the Pentium OverDrive processor. Inquire 
cycles may be initiated with or without an invalida- 
tion request (INV = 1 or 0). The processor samples 
the snoop address during the clock that EADS# is 
active. An inquire cycle is run through the data and 
code caches through a dedicated snoop port to de- 
termine if the address is contained in one of the 
Pentium OverDrive processor caches. If the address 
is in a Pentium OverDrive processor cache, the 
HIT # pin is asserted. If the address hits a modified 
line in the processor, the HITM# pin is also assert- 
ed and the modified line is then written back to ex- 
ternal memory. 


Table 3-3 shows the state transitions for inquire cy- 
cles. 


3.4 
Processor Code Cache 
Consistency 
Protocol 


The Pentium OverDrive processor code cache fol- 
lows a subset of the MESI protocol. Access to lines 
in the code cache are either a Hit (Shared) or a Miss 
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(Invalid). In the case of a read hit, the cycle is serv- 
iced internally to the Pentium OverDrive processor 
and no bus activity is generated. In the case of a 
read miss, the read is sent to the external bus and 
may be converted to a line fill. 


Lines are never overwritten in the code cache. 
Writes generated by the Pentium OverDrive proces- 
sor are snooped by the code cache. If there is a hit, 
the line is invalidated. If there is a miss, no action is 
taken by the code cache. 


3.5 
Warm Reset Cache Behavior 


The INIT pin can be used to reset the Pentium Over- 
Drive processor without invalidating the on-chip 
cache. The Pentium OverDrive processor state after 
INIT is the same as the state after RESET except 
that the internal caches, floating point registers, and 
SMM Base Register retain whatever values they had 
prior to recognition of INIT. The INIT signal can be 
used instead of RESET for warm resets when the 
cache contents need to be maintained. However, 
INIT cannot be used in lieu of RESET after power 
up. For more information on the INIT and the Penti- 
um OverDrive processor, please see Section 5. 


Table 3-3. Cache State Transitions during Inquire Cycles 


Present 
Next State 
Next State 
Description 
State 
INV=1 
INV=O 


M 
I 
S 
Snoop hit to a MODIFIED line indicated by HIT# and HITM# 
pins low. Pentium OverDrive processor schedules the writing 
back of the modified line to memory. 


E 
I 
S 
Snoop hit indicated by HIT'" pin low; no bus cycle generated. 


S 
I 
S 
Snoop hit indicated by HIT'" pin low; no bus cycle generated. 


I 
I 
I 
Address not in cache; HIT'" pin high. 
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4.0 
HARDWARE DESIGN 
CONSIDERATIONS 


4.1 Introduction 


This section 
describes 
the organization 
of the Trans- 
lation 
Lookaside 
Buffers 
(TLBs), 
write 
buffers 
and 
the buffering 
scheme 
used in the Pentium OverDrive 
processor. 
Other important 
Pentium OverDrive 
Proc- 
essor 
design 
specific 
details 
are also 
included 
as 
well as the use of the WB/WT 
# pin as an input to 
determine 
the fundamental 
cache operation 
mode of 
the processor. 


4.1.1 
CACHE 
CONSISTENCY 
CYCLES 


The external 
system can check and invalidate 
cache 
lines 
in the 
internal 
processor 
cache 
using inquire 
cycles (snooping). 
Snooping 
allows the external 
sys- 
tem to keep 
cache 
coherency 
throughout 
the sys- 
tem. Snoop cycles 
may be performed 
using AHOLD, 
BOFF#, 
or HLDA 
and then asserting 
EADS# 
to in- 
form the processor 
that the snoop 
address 
is avail- 
able on the bus. The following 
table summarizes 
the 
snoop 
mechanism 
initiated 
by any of these 
three 
control 
signals. 
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The snoop cycle begins by checking 
whether 
a par- 
ticular 
cache 
line 
has 
been 
"cached" 
and 
invali- 
dates 
the line based 
on the state 
of the INY pin. If 
the 
Pentium 
OverDrive 
processor 
is configured 
in 
the Standard 
Bus Mode, 
the processor 
will always 
invalidate 
the cache line on snoop hits. If the proces- 
sor is configured 
in the 
Enhanced 
Bus 
Mode, 
the 
system 
must drive INY high to invalidate 
a particular 
cache line. The Pentium OverDrive 
processor 
will in- 
validate 
the line and write back an E-state 
line if the 
system 
snoop hits either S-state, 
E-state, 
or M-state 
line, provided 
INY was driven 
high during 
EADS# 
assertion. 
If INY is driven 
low, a modified 
line will be 
written 
back to memory 
and will remain in the cache 
as a write-back 
line. If INY is driven 
low, a shared 
line also will continue 
to remain 
in the cache 
as a 
shared 
line. 


After 
asserting 
AHOLD 
or 
BOFF #, 
the 
external 
master 
driving a snoop 
cycle must wait at least two 
clocks 
before asserting 
EADS #. If snooping 
is done 
after HLDA 
assertion, 
then the master 
performing 
a 
snoop 
must wait for at least one clock 
cycle 
before 
driving the snoop addresses 
and asserting 
EADS#. 
INY 
should 
be driven 
low during 
bus master 
read 
operations 
to minimize 
invalidations. 
INY should 
be 
driven 
high 
to 
invalidate 
a cache 
line 
during 
bus 
master 
write 
operations. 
The 
Pentium 
OverDrive 
processor 
asserts 
HIT# 
and HITM# 
if the cycle hits 
an M state line in the cache or HIT # only if the cycle 


Table 
4-1. Snoop 
Cycles 
under 
AHOLD, 
BOFF #, or HLDA 


AHOLD 
Tri-states 
the address 
bus. ADS# 
will be asserted 
under AHOLD 
only to initiate a snoop 
writeback 
cycle. An ongoing burst cycle will complete 
under an AHOLD. 
For non-burst 
cycles, a 
specific 
non-burst 
transfer 
(ADS # -RDY 
# transfer) 
will complete 
under AHOLD 
and will be 
fractured 
(interrupted) 
before the next assertion 
of ADS#. 
A snoop writeback 
cycle will be 
reordered 
ahead of a fractured 
non-burst 
cycle. Should an ADS# 
be required to start the next 
cycle while AHOLD 
is asserted, 
the processor 
will only perform 
snoop write back cycles. 
If the 
processor 
issues and ADS# 
while AHOLD 
is asserted, 
it is the responsibility 
of the system to 
determine 
the address of the snoop write back from the snoop address driven with EADS # • An 
interrupted 
non-burst 
cycle will be completed 
only after the snoop writeback 
cycle is 
completed, 
provided 
there are no other snoop writeback 
cycles scheduled 
and AHOLD 
is 
deasserted. 
If BLEN # is driven inactive (disabling 
bursted writes), the processor 
will drive four 
individual 
ADS If - RDY If cycles to complete 
the cycle while AHOLD 
is active. 


BOFF#. 
Overrides 
AHOLD; 
takes effect in the next clock. Ongoing 
bus cycles will stop in the clock 
following 
BOFF If being asserted 
and resumes when BOFF If is deasserted, 
in the same 
manner as the standard 
Intel486 processor 
bus. A snoop writeback 
will be reordered 
ahead of 
the backed off cycle. The snoop writeback 
cycle begins after BOFF # is deasserted 
followed 
by 
any backed off cycle. 


HOLD 
HOLD will be acknowledged 
only between 
bus cycles, except for a non-cacheable, 
non-bursted 
code prefetch 
cycle. In a non-cacheable, 
non-bursted 
code prefetch 
cycle, HOLD is 
acknowledged 
after the system returns RDY # or if BOFF If is asserted. 
Once HLDA is active, 


the processor 
blocks all bus activities 
until the system releases the bus (by de-asserting 
HOLD). 
, 
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hits an E or S state line. These output signals be- 
come valid two clock periods after EADS# is valid 
on the bus. HITM # will remain asserted at least until 
the last RDY# or BRDY # of the snoop writeback 
cycle is returned. The HIT# signal will continue to 
drive the result of the last snoop until the next exter- 
nal snoop occurs. Most timing diagrams in the fol- 
lowing sections do not include the HIT # signal since 
it is not necessary for single processor system de- 
signs. Snoop operations may interrupt an ongoing 
bus operation in both the Standard Bus Mode and 
Enhanced Bus Mode. 
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The Pentlum OverDrive 
processor 
can accept 
EADS# In every clock period while In the Stan- 
dard Bus Mode. In the Enhanced Bus Mode, the 
processor can accept EADS# every other clock 
period until the external snoop hits an M-state 
line. Any EADS# assertion after the EADS# that hit 
a modified line will be ignored. The processor will 
not accept any further EADS# assertions until the 
snoop writeback operation is completed and HITM# 
is deasserted. 
Figure 4-1 shows the 
allowable 
EADS# window for the different snooping mecha- 
nisms (AHOLD, 
HOLD, BOFF#). 
For 
the 
En- 
hanced bus mode, EADS# must not be asserted 
outside the windows presented 
In the diagrams 
below. 


eLK 


AHOLD 


\ 
. 
. 
. 
Ci:;~~;;r~;;;~~r; 


'--;------;-----t 


HLDA 


'HOLD 


. 
. 
. 
~·············~~·o~~··;~·~~·~~~~~~····h 
} 


·····r·················r·················:········ 


Figure 4-1. EADS# Snooping Window 
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Figure 4-2 shows that the processor can accept an EADS# assertion only every other clock while in en- 
hanced bus mode. 


AHOLD 


eLK 


EADS# 


HITt.!# 


...···r···.. 
r···r···.. 
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4.1.2 WRITE BACK CYCLES 


Figure 4-2. EADS# Snooping Frequency In Enhanced Bus Mode 
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Writeback cycles may be bursted or non-bursted by 
returning RDY# or BRDY#. All writeback opera- 
tions write 16 bytes of data to memory correspond- 
ing to the modified line in the cache. BS8# and 
BS16# are not allowed during write back cycles. 


The state of BLEN# determines how a 16 byte line 
is written back. When BlEN# 
is LOW. the write 
back is done as a 16-byte burst transfer. BRDY# or 
RDY# may terminate each transfer. At the fourth 
transfer, BLAST # will signify the end of the write 
back. A write back when BLEN# is LOW but RDY# 
is used rather than BRDY# is shown in Figure 4!4. 
When BlEN # is HIGH, the 16-byte write back will 
be done as four consecutive 4 byte writes, each with 
its own ADS# and BLAST#. (See Figure 4-5). 


BLEN # is not a dynamic pin since it cannot be tog- 
gled on a cycle per cycle basis. It cannot be 
changed once power has been applied to the sys- 
tem, so it should be tied HIGH or LOW. 


The CACHE # pin is used to indicate that a cache 
operation is taking place. CACHE# is active with the 
first ADS # for both write backs and line fills, and is 


terminated by the first RDY# IBRDY #. An occur- 
rence of ADS# = 0, W/R# 
= 1, and CACHE# = 
o indicates that a replacement write back is starting. 
The occurrence of HITM # = 0 during the above 
operation signifies that a snoop write back is occur- 
ring. Write back cycles begin at address OxOof the 
16-byte line being pushed out. The burst order is the 
standard Intel486 Processor order of OxO,Ox4,Ox8 
and oxe. If the write back is done as four separate 
writes, then each write will push out four bytes start- 
ing at byte OXO.PCD and CACHE# are low during 
write back cycles, while KEN# is ignored. 


BS8#, BS16# are ignored during write back cycles. 
After the last BRDY# IRDY # 9f a write back cycle 
is asserted, the Pentium OverDrive Processor will 
wait at least one ClK before issuing the next ADS # . 
In other words, a dead clock is inserted by the proc- 
essor after the last transfer in a write back cycle. 
The dead clock is between the last BRDY# IRDY #, 
and the next ADS #. The dead clock appears only 
after the write back is complete, so there are no 
dead clocks between individual transfers of a write 
back. This dead clock time is used by the Pentium 
OverDrive processor to complete internal cache op- 
erations. 
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Figure 4-3. Write Back Operation-BLEN 
11 Active 
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Figure 4-4. Write Back with BLEN 11 Active Using RDY # 
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Figure 4-5. Write Back as Four 4-Byte Transfers (BLEN# Inactive) 
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4.2 WB/WT # As an Initialization Input 


To make the Pentium OverDrive processor more 
compatible with the IntelDX2 processor, several 
small enhancements have been added to the proc- 
essor to help distinguish different processor modes 
of operation. These two modes will be referred to as 
"standard 
bus mode" (Write through 
processor 
cache only) and "enhanced bus mode" (Write back 
processor enabled and are discussed in the follow- 
ing paragraphs. 


In order to allow the Pentium OverDrive processor to 
operate in more of an IntelDX2 processor manner, 
the WB/WT 11 pin is used as an initialization input to 
configure the operating mode of the processor. At 
the falling edge of RESET, the processor can be 
configured to operate in a write through only (In- 
telDX2 CPU compatible) L1 cache mode (standard 
bus mode), or in a write back L1 cache mode (en- 
hanced bus mode). Once a mode is selected, the 
processor will continue to operate in the selected 
mode and can only be changed to a different mode 
by starting the RESET process again. Assertion of 
INIT will not change the operating mode of the proc- 
essor. WB/WT 11 has an internal pulldown that will 
force any design that leaves WB/WT 11 unconnect- 
ed into the write through mode of operation. Table 
4-2 lists the two modes of operation and the differ- 
ences between them. 
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For more lntorrnation on the effect of the mode op- 
eration on the various Signals mentioned above, 
please see the /nte/486 
Microprocessor 
Family Data 
Book. 
Unless otherwise mentioned, all other func- 


tions of the Pentium OverDrive processor remain 
identical in both operating modes. 


4.3 INIT Functionality 


INIT behaves like an edge triggered interrupt on the 
Pentium OverDrive processor while in both en- 
hanced bus mode (WB/WT 11 = HIGH at RESET) 
and standard bus mode (WB/WT 11 
= 
LOW at 


RESET). Therefore, when INIT is asserted, there is 
a high probability that one or more bus cycles will be 
run by the processor while INIT is HIGH. The follow- 
ing figures demonstrate two scenarios of how the 
processor can issue an ADSII while INIT is assert- 
ed. Although the figures assume that an initial I/O 
write causes the INIT to be asserted by the support 
logic, these cases apply whenever INIT is HIGH. 
The first figure describes cycles being run by the 
processor before INIT is recognized. The second 
details cycles being run after INIT has been recog- 
nized. 


Figure 4-6 shows the INIT signal being triggered by 
an 110 write. Even though INIT is asserted immedi- 
ately, there is a pending prefetch which executes 
before the INIT is recognized. 


Table 4-2 Effects of WB/WT 11 Initialization 


State of WB/WT 11 
Affect on Processor Operation 
at Reset Failing 


WB/WTII 
= LOW 
Processor is in Standard Bus Mode 
•• IntelDX2 Processor Compatible •• 
1: No Special FLUSH11 Acknowledge Cycles are run on the bus after the assertion of 
the FLUSH11 pin. 
2: When FLUSH11 is asserted, the caches will be invalidated in 15-20 system CLKs. 
3: All Write Back specific inputs are ignored-(BLEN 
11, EWBE11, WB/WT 11, INV) 
4: EADSII is sampled at any time. 


WB/WTII 
= HIGH 
Processor is in Enhanced Bus Mode 
•• Intel486 Processor Write Back Bus Operation •• 
, 


1: The special FLUSH11 Acknowledge Cycles will be run on the bus after the 
assertion of the FLUSH11 and all the cache write backs (if any) are complete. 
2: Write backs will be performed if a cache flush is requested (i.e.: FLUSH11, 


!. 


WBINVD inst ... ). The flush will take about 2000+ clocks. The system must 
watch for the FLUSH11 special cycles to determine the end of the flush. 
3: WB/WT 11 is sampled on a line by line basis to determine the storage state of a 
cache line on reads and writes. 


4: The BLENII, EWBEII and INVare no longer ignored. 
5: EADS11 is sampled only when the processor is an a HOLD, AHOLD, or BOFF11 
state. 


6: PLOCK 11 is inactive and driven HIGH.. 
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Figure 4-6. ADS# 
Issued during INIT: Case 1 
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Figure 4-7. ADS# 
Issued during INIT: Case 2 


Figure 4-7 assumes that an' l/O cycle was used to 
generate the INIT, but the system waited until all bus 
activity had stopped (by monitoring the HALT spe- 
cial cycle) before asserting the INIT pin. In this case, 
the processor recognizes INIT, and starts a prefetch 
before INIT is deasserted. The prefetch may be from 
any location, and not necessarily the F..FOh ad- 
dress, even though INIT has been recognized. 


On other Intel486 write through cache processors 
(Write·Back Enhanced IntelDX2 in standard bus 
mode and SL-Enhanced CPUs), the SRESET pin is 
executed immediately, in a manner similar to the RE- 
SET pin. This means that no cycles will be run after 
SRESET is asserted on these processors. With the 
Pentium OverDrive processor, it is the responsibility 
of the system to ensure that any cycles that are is- 
sued while INIT is active are completed properly to 
prevent data corruption, lost bus cycles or system 
lock-ups. 


int:et 
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4.4 
Instruction Prefetch 


The Pentium OverDrive processor contains a pre- 
fetch buffer of several bytes, and can prefetch a sig- 
nificant number of bytes beyond the end of the last 
executed instruction. In addition, the processor im- 
plements a dynamic branch prediction algorithm 
which speculatively runs code fetch cycles to ad- 
dresses 
corresponding 
to 
instructions 
executed 
some time in the past. Such code fetch cycles are 
run based on past execution history, regardless of 
whether the instructions retrieved are relevant to the 
currently executing instruction sequence. 


The effect of both mechanisms is that the Pentium 
OverDrive processor may run code fetch bus cycles 
to retrieve instructions which are never executed. Al- 
though the opcodes retrieved are discarded, the 
system must complete the code fetch bus cycle by 
returning RDY '* IBRDY '*. It is particularly important 
that the system return RDY,* IBRDY '* for all code 
fetch cycles, regardless of the address. 


Furthermore, it is possible that the processor may 
run speculative code fetch cycles to addresses be- 
yond the end of the current code segment. Although 
the processor may prefetch beyond the CS limit, it 
will not attempt to execute beyond the CS limit, it will 
raise a GP fault instead. Thus, segmentation cannot 
be used to prevent speculative code fetches to inac- 
cessible areas of memory. On the other hand, the 
processor will never run code fetch cycles to inac- 
cessible pages, so the paging mechanism guards 
against both the fetch and execution of instructions 
in inaccessible pages. 


If the processor has been placed in a halt state with 
the HLT instruction, and the processor has issued 
the halt cycle, or the processor has run a shutdown 
cycle, one of the methods of exiting this condition is 
to assert an interrupt. Once the interrupt is asserted, 
the Pentium OverDrive processor may issue a pre- 
fetch before the interrupt is acknowledged with an 
interrupt cycle, or the action desired by the interrupt 
is performed. For example, if the processor is in a 
halt state, and the FLUSH'* 
interrupt is asserted, 
the processor could exit the halt state, perform a 
prefetch, and then start driving the write backs for 
the flush operation. Prefetches of this type may be 
run after any interrupt, including INTR. 


For memory reads and writes, both segmentation 
and paging prevent the generation of bus cycles to 
inaccessible regions of memory. 
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5.0 
SOFTWARE CONSIDERATIONS 


5.1 
External Bus Cycle Ordering 


5.1.1 
WRITE 
BUFFERS 
AND MEMORY 
ORDERING 


The Pentium OverDrive processor has write buffers 
to enhance the performance of consecutive writes 
to memory. Writes in these buffers are driven out on 
the external bus in the order they were generated by 
the processor core. No reads (as a result of cache 
miss) are reordered around previously generated 
writes sitting in the write buffers (Unlike the IntelDX2 
processor). The implication of this is that the write 
buffers will be emptied before a subsequent proces- 
sor generated bus cycle is run on the external bus. 


It should be noted that only memory writes are buff- 
ered and 1/0 writes are not. There is no guarantee 
of synchronization between completion of memory 
writes on the bus and instruction execution after the 
write. The OUT instruction or a serializing instruction 
needs to be executed to synchronize writes with the 
next instruction. Please refer to the Pentium 
Proces- 
sor Programmers 
Reference 
Manual for information 
on serializing instructions. 


No re-ordering of read cycles occurs on the Pentium 
OverDrive processor. Specifically, the write buffers 
are emptied before the IN instruction is executed. 


5.1.2 
EXTERNAL 
EVENT 
SYNCHRONIZATION 


When the value of NMI, 
INTR, 
FLUSH,*, 
SMI'* 
or 
INIT changes as the result of executing an OUT in- 
struction, these inputs must be at a valid state three 
clocks before RDY '* IBRDY '* is returned to ensure 
that the new value will be recognized before the next 
instruction is executed. 


Note that if an OUT instruction is used to modify 
A20M '*, this will not affect previously prefetched in- 
structions. A serializing instruction must be executed 
to guarantee recognition of A20M,* 
before a specif- 
ic instruction. 
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5_2 Model Specific Registers 


The Pentium OverDrive processor defines certain 
Model Specific Registers that are used in execution 
tracing, performance monitoring and testing. They 
are unique to the Pentium OverDrive processor and 
mayor may not be implemented in the same way in 
future processors. 


Please contact Intel for more information on the 
model specific registers. 


5.3 Exception Priorities 


Exceptions are serviced and recognized on the 
boundary 
between .instructions. 
The 
instruction 
pointer pushed onto the stack for the interrupt han- 
dier points to the next instruction. The priority among 
simultaneous exceptions is as follows (interrupt vec- 
tor numbers are shown in decimal in parentheses): 
Trap on the previous instruction: 


• Breakpoint (# 3) 
External Interrupts: 


• FLUSH# 


• SMI# 
• INIT 


• NMI 
• INTR 
Floating Point Errors: 


• FERR# 
External Interrupt: 


• STPCLK# 
Faults on Fetching Next Instruction: 
• Code Seg Limit Violation (# 13), Page Fault on 
prefetch (# 14) (the relative priority unpredict- 
able) 


Faults in Decoding the next Instruction: 
• Invalid Opcode (#6), Device Not Available 
(#7) 


• General Protection Fault for Instruction 
Length> 
15B (#13) 


Faults on Executing an Instruction (These may occur 
in a manner that varies from implementation to im- 
plementation as necessary to insure functional cor- 
rectness. They are not listed in any particular order): 


• General Detect (# 1) 
• FP Error (from previous FP instruction) (# 16) 


in1et 


• Interrupt on Overflow (# 4) 


• Bound (#5) 
• Invalid TSS (# 10) 
• Segment Not Present (# 11) 
• Stack Exception (# 12) 
• General Protection (# 13) 


• Data Page Fault (#14) 
• Alignment Check (# 17) 


5.3.1 
EXTERNAL INTERRUPT 
CONSIDERATIONS 


The Pentium OverDrive processor recognizes the 
following external interrupts: FLUSH#, SMI#, INIT, 
NMI, INTR and STPCLK #. They are listed in priority 
order, however, they are subject to the considera- 
tions listed below. 


FLUSH# 


Note that unlike the Intel486 CPU which invalidates 
its cache a small fixed number of clocks after 
FLUSH# is asserted, the FLUSH# pin on the Penti- 
um OverDrive processor is an interrupt and there- 
fore is only recognized at the boundary between in- 
structions. While FLUSH# is being serviced, all the 
dirty lines in the data cache are written back to main 
memory. This may take several thousand clocks. 
During this time no instructions are executed and no 
other interrupts are recognized. If the processor is in 
the HALT or Shutdown state, FLUSH# is still recog- 
nized. The processor will return to the HALT or Shut- 
down state after servicing the FLUSH# . 


5.4 BIOSand Software 


The following should be considered when designing 
a Pentium OverDrive processor based system. 


5.4.1 
Pentlumil!>OverDrlveil!>PROCESSOR 
DETECTION 


The 
component 
identifier 
and 
stepping/revision 


identifier for the Pentium OverDrive processor is 
readable in the OX register immediately after RE- 
SET, where 


DX = 153xh 


The x can be any value from 0 to Fh and refers to 
the stepping of the part. 
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As with the IntelOX2 
microprocessor 
specification, 
it 
is recommended 
that the 8105 save the contents 
of 
the OX register, 
immediately 
after 
RESET, 
so that 
this information 
can be used later, if required. 


Software can also find out the component identifier 
and stepping/revision 
by invoking the CPUID in- 
struction. 


5-4.2 BIOS BOOT CODE ASSUMPTIONS 


In preliminary tests with systems that support the 
Pentium OverDrive processor, it was found that the 
aggressive prefetch unit .of the processor would at- 
tempt to fetch from the xO ... 
OOhaddress after a 
RESET. Since this address exists in real memory 
and the BIOS had not been able to properly initialize 
it before this point, parity errors would be detected 
by the system. 


To avoid issue, the Pentium OverDrive processor 
prefetch unit is disabled any time the processor is 
restarted with RESET to prevent the prefetcher from 
attempting to fetch code from address xO..OOhafter 
wrapping around from xF..FFh. In the sixteen bytes 
from xF..FOhto xF..FFh, there must be at least one 
jump instruction (of any type) that transfers code ex- 
ecution out of the xF..FOhto xF..FFh region. If not, 
the Pentium OverDrive processor will not enable the 
prefetch unit, and processor operation will stop. 


INIT does not place this restriction on the prefetcher 
since it is assumed that parity will have been initial- 
ized in the main memory before INIT is executed. 


5.4.3 TIMING DEPENDENT LOOPS AND BIOS 


The Pentium OverDrive processor executes instruc- 
tions at a frequency which is a multiple of the bus 
frequency. The Pentium OverDrive processor also 
uses advanced design techniques to decrease the 
number of clocks per instruction (CPI) from that of 
the Intel486 processors. Thus, software such as in- 
struction based timing loops will execute faster on 
the Pentium OverDrive processor than on the In- 
tel486 processors at the same bus frequency. In- 
structions such as NOP, LOOP, and JMP $+ 2, are 
frequently used by BIOS to implement timing loops, 
that are required, for example, to enforce recovery 
time between consecutive accesses for I/O devices. 
These instruction based timing loop implementa- 
tions may require modification to be compatible with 
the Pentium OverDrive processor. 
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In order to avoid any incompatibilities, it is recom- 
mended that timing loops be implemented in hard- 
ware rather than in software. This provides transpar- 
ency and also does not require any change in BIOS 
or I/O device drivers in the future when moving to 
higher processor clock speeds. 


As an example, a timing loop may be implemented 
as follows: The software performs a dummy I/O in- 
struction to an unused I/O port. The hardware for 
the bus controller logic recognizes this I/O instruc- 
tion and delays the termination of the I/O cycle to 
the CPU by keeping RDY 11 or BRDY 11 deasserted 
for the appropriate amount of time. 


5.4.4 TEST REGISTER ACCESS 


The IntelDX2 processor has test registers which al- 
low OEM's to test the functionality of different areas 
of the component. These test registers are ac- 
cessed on the Intel486 processor family using the 
"MOV reg, TRx and MOV TRx, reg" instructions. 
These instructions are not available on the Pentium 
OverDrive processor. Any attempt to execute them 
will cause a invalid opcode exception. The Pentium 
OverDrive processor uses the Model Specific Regis- 
ters (MSR's) to implement on chip testing. These 
MSR's 
are 
accessed 
using 
the 
RDMSR 
and 
WRMSR instructions. BIOS must recognize this fun- 
damental difference between the Pentium OverDrive 
processor and the IntelDX2 processor and act ac- 
cordingly. 


6.0 
DIFFERENCES BETWEEN THE 
Intel486 FAMILY AND THE 
Pentium@ OverDrlve@ 
PROCESSOR 


This section covers the differences between the In- 
tel486 family of microprocessors and the Pentium 
OverDrive processor. 


6.1 
Software 


The Pentium OverDrive processor is compatible with 
the 
entire 
installed 
base 
of 
applications 
for 
MS-DOS', Windows', OS/2', 
and UNIX'. In addi- 


tion to being binary compatible with the Intel archi- 
tecture based processors which preceded the Penti- 
um processor, it can also run programs which have 
been compiled to utilize Pentium processor instruc- 
tions. This allows pairing of instructions to take ad- 
vantage of the Superscalar Architecture and adds 
floating point instructions if replacing an Intel486 SX 
or IntelSX2 processor. 
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6.2 
Hardware 


The Pentium OverDrive processor is in a 237-Pin 
Grid Array package while the Intel486 family uses a 
168-Pin Grid Array package. These extra pins are 
used for extra power and ground pins, including 
separate power and ground for the fan heatsink, also 
the internal cache write-back signals are on these 
pins. 


7.0 
DIFFERENCES 
BETWEEN 
THE 


.Pentium® 
PROCESSOR 
AND 
THE Pentlum® 
OverDrlve® 
PROCESSOR 


There are several differences between the Pentium 
processor and the Peritium OverDrive processors. 
These differences are covered in the next two sec- 
tions. 


7.1 
Software 


The following paragraphs are provided as a refer- 
ence for software differences between the Pentium 
OverDrive processor and the Pentium processor. 
Unless otherwise stated, it can be assumed that the 
Pentium OverDrive processor will have the same 
software characteristics as the Pentium processor. 
For more information on the software characteristics 
of the Pentium Processor, please see the Pentium 
Processor Data Book or Programmers Reference 
Manual. 


The Pentium OverDrive processor does not support 
machine check exception. As a result, CR4.MCE is 
not useful. It will be forced to a zero by the hard- 
ware. However, any attempt by the software to set 
this bit to 1 will not create a general protection ex- 
ception. 


The Pentium OverDrive processor allows two differ- 
ent page sizes: 4 KB and 4 MB. Please contact Intel 
for more information on the use of 4 MB pages. 


The behavior of INVD, WBINVD and INVPLG in- 
structions are similar to the Pentium processor. If the 
processor is in the 
enhanced 
bus 
mode, 
the 
WBINVD instruction will write back all dirty lines first, 
flush the cache and run two special cycles (the write 


back special cycle followed by the flush special cy- 
cle) on the bus. INVD will flush the cache and run 
one special cycle (The flush special cycle) on the 
bus. INVD will not write back the dirty lines, if any. All 
three instructions are privileged level 0 and should 
be executed by BIOS or operating system code only. 


On the IntelDX2 processor, when paging is disabled, 
and/ or when instructions that are not affected by 
paging are executed, the PCD and PWT pins are 
driven with values from CR3.PCD and CR3.PWT 
bits, respectively. On the Pentium OverDrive proces- 
sor, when paging is disabled and/or when instruc- 
tions that are not affected by paging are executed, 
the PWT pin will be drive LOW and the PCD pin will 
reflect the value of the CRO.CDbit. 


When the CPUID instruction is performed with EAX 
= 
1, the Pentium OverDrive processor will return 
the following values to the EDX register. These bits 
indicate what the features of the processor are. 


I 


The various bit positions have the following mean- 
ing:. 


Table 7-1. Feature Bit Assignment 


Bit 
Value 
Meaning 


0 
1 
FPU: Floating Point Unit 
On-Chip 


1 
1 
VME: Virtual-8086 Mode 
Enhancements 


2 
1 
DE: Debugging Extensions 


3 
1 
PSE: Page Size Extension 


4 
1 
TSC: Time Stamp Counter 


5 
1 
MSR: Pentium 
Processor-Style MSR 


6 
R 
Reserved 


7 
R 
Reserved 
'. 


8 
1 
CX8: CMPXCHG8B 
Instruction 


9-31 
R 
Reserved 


A value of "R" means that the corresponding bit is 
reserved and the software should not depend on its 
value. 
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7.2 Hardware 


This section covers the hardware differences be- 
tween the Pentium processor and the Pentium Over- 
Drive processor. 


The Pentium processor has a 64-bit data bus while 
the Pentium OverDrive processor has a 32-bit data 
bus. This is required in order for the Pentium Over- 
Drive processor to work in an Intel486 architecture 
based system. 


The size of the data bus requires a similar decrease 
in the internal cache line size. A burst memory ac- 
cess is four bus widths of data this is the length of 
each line in the cache. For an Intel486 based archi- 
tecture system that is 16-Bytes, for a Pentium proc- 
essor based system this is 32-bytes. The internal 
cache 
in 
the 
Pentium 
processor 
is 
expecting 


32-bytes. This would require two burst reads. There- 
fore the cache line size was reduced to 16-bytes 
wide. 


The cache on the Pentium processor is split into two 
8 KByte caches. One is for data and the other is the 
instruction or code cache. The Pentium OverDrive 
processor keeps the idea of two separate caches 
but increases the s!ze to 16 KBytes each. 


The Pentium OverDrive processor does not have the . 
JTAG boundry scan capabilities that the Pentium 
processor has. 


The package is different. The Pentium processor is 
packaged in a 273-Pin Grid Array while the Pentium 
OverDrive processor uses a 237-Pin Grid Array 
package. 


The Pentium OverDrive processor has the integrat- 
ed fan heatsink attached. This integrated fan in- 
forms the 
processor 
if the 
fan has slowed or 
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stopped. This reduces the internal frequency to 1x 
multiplier from the previous 2.Sx. The part can run 
indefinitely at the lower frequency without incurring 
any damage. This allows the Pentium OverDrive 
processor to continue in the system until a replace- 
ment fan can be installed. 


8.0 
TESTABILITY 


8.1 Introduction 


This section describes the features which are includ- 
ed in the Pentium OverDrive processor for the pur- 
pose of enhancing the testability of the part. The 
capabilities of the Intel486 processor test hooks are 
included in the processor, however they are imple- 
mented differently. In addition, new test features 
were added to assure timely testing and production 
of a system product. All features described here are 
also present in the Pentium processor. 


Internal component testing through the Built In Self 
Test (BISn feature of the Pentium OverDrive proc- 
essor provides 100% single stuck at fault coverage 
of the microcode ROM and large PLAs. Some test- 
ing of the instruction cache, data cache, Translation 
Lookaside Buffers (TLBs), and Branch Target Buffer 
(BTB) is also performed. In addition, the constant 
ROMs are checked. 


The production version of the Pentium OverDrive 
processor will not include the boundary scan or test- 
ability pins. 


Several test registers are also included in the Penti- 
um OverDrive processor to simplify access to all on- 
chip caches and TLBs. These test registers on the 
processor are not compatible with the definitions for 


Table 8-1_Pentluml> OverOrlvel> Processor RESET Modes 


RESET 
INIT 
Type of 
Effect on 
Effect on 
Effect on SMM 


Reset 
I/O Caches 
FP Registers 
Base Register 


0 
0 
None 
Not Applicable 
Not Applicable 
Not Applicable 


0 
1 
Warm Reset 
None 
None 
None 


1 
X 
Cold Reset 
Invalidated 
Initialized 
Invalidated 


(wl BISn 


1 
X 
Cold Reset 
Invalidated 
Undefined 
Invalidated 


(w/o BIST) 
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the test registers on the IntelDX2 processor, and will 
be provided by Intel at a later date. For the latest 
information on these test registers, please contact 
Intel. 


The following list summarizes the Pentium Over- 
Drive processor testability features: 


• Built In Self Test 
• Cache and TLB Test Registers 


• Tristate Test Mode 


8.2 
Pentlum@ OverDrive@ Processor 
Reset Plns/BIST Initiation 


Two pins, RESET and INIT, are used to reset the 
Pentium OverDrive processor in different manners. 
The following table shows the different types of re- 
sets that can be initiated using these pins. 


Toggling either the RESET pin or the INIT pin indi- 
vidually forces the Pentium OverDrive processor to 
begin execution at address OFFFFFFFOh.The inter- 
nal instruction cache and data cache are invalidated 


when RESET is asserted (modified lines in the data 
cache are NOT written back). The instruction cache 
and data cache are not altered when the INIT pin is 
asserted without RESET. In neither case are the 
floating point registers altered. In both cases, the 
BTB, the segment descriptor cache and both TLBs 
are all invalidated. 


Reset with self test is initiated by holding the 
AHOLD pin HIGH for 2 clocks before and 2 clocks 
after RESET is driven from HIGH to LOW. The in- 
struction cache and data cache are invalidated and 
the floating, point registers are initialized, The proc- 
essor begins execution at address OxFFFFFFFOh. 
The BTB, the segment descriptor cache and both 
TLBs are all invalidated before execution begins. 


At the conclusion of reset, with or without self test, 
the OX register will contain a component identifier. 
The upper byte will contain 15h and the lower byte 
will contain a stepping identifier. 


Table 8-2 defines the processor state after RESET, 
INIT and RESET with BIST (built in self test). 


Table 8-2. Register State after RESET, INIT and BIST 
(Register States are given in Hexadecimal Format) 


Storage Element 
RESET (no BISn 
RESET (BISn 
INIT 


EAX 
0 
o if pass 
0 


EDX 
1530+ stepping 
1530+ stepping 
1530+ stepping 


ECX,EBX,ESP 
0 
0 
0 


EBP, ESI, EDI 


EFLAGS 
2 
2 
2 


EIP 
OFFFO 
OFFFO 
OFFFO 


CS 
selector = FOOO 
selector = FOOO 
selector = FOOO 


base = FFFFOOOO 
base = FFFFOOOO 
base = FFFFOOOO 


limit = FFFF 
limit = FFFF 
limit = FFFF 
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I 
I 


Storage 
Element 
RESET (no 8IST) 
RESET (8IST) 
INIT 


DS.ES.FE.GS.SS 
selector 
= 0 
selector 
= 0 
selector 
= 0 


base = 0 
base = 0 
base = 0 


~ - 
limit = FFFF 
limit = FFFF 
limit = FFFF 


IDTR 
~ 
, 
, 
base=O 
base=O 
base=O 


limit=FFF 
limit=FFF 
limit=FFF 


GDTR,LDTR.TR 
0' 
undefined 
undefined 
undefined 


CRO 
60000010 
60000010 
" 
Note 1 


CR2,3,4 
-' 
0 
0 
0 


DR3-0 
0 
0 
0 


DR6 
FFFFOFFO 
FFFFOFFO 
FFFFOFFO 


DR7 
00000400 
00000400 
00000400 


Time Stamp Counter 
0 
0 
UNCHANGED 


Control 
and Event Select 
0 
. 
0 
UNCHANGED 


TR12 
0 
0 
UNCHANGED 


All Other MSR's 
undefined 
undefined 
UNCHANGED 


CW 
, 


undefined 
37F 
UNCHANGED 


SW 
undefined 
0 
UNCHANGED 


TW 
undefined 
FFFF 
L 
UNCHANGED 


FIP,FEA,FCS. 
undefined 
0 
UNCHANGED 
FDS.FOP 


FSTACK 
undefined 
undefined 
UNCHANGED 


Data and Code Cache 
invalid 
invalid 
UNCHANGED 


Code Cache TLB, Data 
invalid 
invalid 
invalid 
Cache TLB, BTB, SDC 
L 


Table 8-2. Register 
State 
after 
RESET, INIT and 81ST 
(Reg'ster 
States are given in Hexadecimal 
Format) 
(Continued) 


NOTE: 
1, CD and NW are unchanged, 
bit 4 is set to 1. all other bits are cleared, 


State 
of output 
pins after 
RESET: 
High: LOCK#. 
AOS#. 
PCHK#. 
HIT#. 
HITM#. 
FERR#, 
SMIACT# 
Low: HLOA. BREQ 
High Impedance: 
031-00 
Undefined: 
A31-A3, 
BE3#-BEO#. 
W/R#, 
MIIO#, 
O/C#. 
PCO, PWT, CACHE# 
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8.3 
Built In Self Test (BIST) 


Seif test is initiated by holding the AHOLD pin HIGH 
for the clock before RESET changes from HIGH to 
LOW. If asserted asynchronously, AHOLD must be 
asserted two clocks before and two clocks after 
RESET to guarantee recognition. 


No bus cycles are run by the Pentium OverDrive 
processor during self test. The duration of self test is 
approximately 219 internal clocks. Approximately 
70% of the devices in the processor are tested by 
BIST. 


The Pentium OverDrive processor BIST consists of 
two parts: hardware self test and microcode self 
test. 


During the hardware portion of BIST, the microcode 
and all large PLAs are tested. All possible input com- 
binations of the microcode ROM and PLAs are test- 
ed. 


The constant RaMs, BTB, TLBs, and all caches are 
tested by the microcode portion of BIST. The array 
tests (caches, TLBs, and BTB) have two passes. On 
the first pass, data patterns are written to arrays, 
read back and checked for mismatches. The second 
pass writes the complement of the initial data pat- 
tern, reads it back, and checks for mismatches. The 
constant RaMs are tested by using the microcode 
to add various constants and check the result 
against a stored value. 


Upon completion of BIST, the cumulative result of all 
tests are stored in the EAX register. If EAX contains 
OxOh,then all checks passed; any non-zero result 
indicates a faulty unit. 


During BIST, EADS# 
should not be used to perform 


snoops, otherwise false HITM # indications, with no 
corresponding write back cycles, can occur. 


8.4 
Trl-State 
Test Mode 


The Pentium OverDrive processor provides the abili- 
ty to float all its outputs and bi-directional pins. This 
includes pins that are floated during bus hold as well 
as some pins that are not normally floated during 
normal operation. When the 
Pentium OverDrive 


processor is in tri-state test mode, external testing 
can be used to test on board connections. 
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The 
tri-state 
test 
mode 
is 
invoked 
by 
driving 


FLUSH # low for 2 clocks before and 2 clocks after 
RESET going low. The outputs are guaranteed to tri- 
state no later than 10 clocks after RESET goes low. 
The processor will remain in tri-state test mode until 
the next RESET. 


8.5 
Cache, TLB and BTB Test 
Registers' 


The Pentium OverDrive processor contains several 
test registers. The purpose of the test registers is to 
provide direct access to the processor caches, 
TLBs, and BTB, so user programs can easily exer- 
cise these structures. Because the architecture of 
the caches, TLBs, and BTB is different, a different 
set of test registers (along with a different test mech- 
anism) is required for each. Most test registers can 
be shared between the code and data caches. 


Since much of the testability hardware is used for 
other purposes during normal operation of the Penti- 
um OverDrive processor, some restrictions may ex- 
ist on what software may do while testability opera- 
tions are being run. 


Please contact Intel for more information on the 
Pentium OverDrive processor Cache, TLB, and BTB 
Test Registers. 


8.6 
Fan Protection 
Mechanism 
and 
THermal 
ERRor Bit 


The Pentium OverDrive processor employs an active 
fan/heatsink unit to assist in cooling the processor. 
Another integral part of this cooling solution is the 
ability for software to poll the status of the fan to 
determine if the fan has fallen to a speed that is 
unacceptable to cool the processor. Should the fan 
fall into a speed range that is too slow, a control 
register will record the event. (For more information, 
please contact Intel.) 
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9.0 
MECHANICAL 
AND ELECTRICAL 
DESIGN 
CONSIDERATIONS 


9.1 Introduction 


This section provides mechanical and electrical 
guidelines for designing a system to support the 
Pentium OverDrive processor. The layout considera- 
tions for the socket and spatial requirements for the 
Pentium OverDrive processor are discussed first, 
along with other mechanical issues. Sample circuits 
for support of the Pentium OverDrive processor in 
write back or write through cache mode are provided 
in the electrical section. Any design using the Penti- 
um OverDrive processor must take the thermal con- 
siderations of the processor into account as well. To 
this end, thermal design numbers and calculations 
for the fan/heatsink unit are also provided. 


9.2 MechanicalDesign 
Considerations 


This section discusses the mechanical design con- 
siderations for the Pentium OverDrive processor, in- 
cluding dimensions and the active heat sink unit. 
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, 9.2.1 
PHYSICAL DIMENSIONS 


The Pentium OverDrive processor is designed to fit 
in a standard 240-lead (19 x 19) PGA socket with 
four corner pins removed. The Pentium OverDrive 
processor will use an active heat sink, and therefore 
requires more vertical clearance. For more discus- 
sion on the Pentium OverDrive processor active 
heat sink, please see the following section. 


The maximum and minimum dimensions of the Pen- 
tium OverDrive processor package with the active 
heat sink are shown in Table 9-1. The active heat 
sink unit is divided into the size of the actual heat 
sink, and the required free space above the heat 
sink. The total height required for the Pentium Over- 
Drive processor from the motherboard will depend 
on the height of the PGA socket. The total external 
height given in the table below is only measured 
from the PGA pin stand-offs. Table 9-1 also details 
the minimum clearance needed around the PGA 
package. 


Table 9-1. Pentlumill>OverDrive ill>Processor, 


235-Pln, PGA Package Dimensions with 
Active Heat Sink Attached 


Component 
Length 
Height 
and Width 
(Inches) 
Mln 
Max 
Mln 
Max 


PGA Package 
1.950 
1.975 
0.140 
0.180 


Adhesive 
N/A 
N/A 
0.008 
0.012 


Fan/Heat Sink 
1.77 
1.82 
0.790 
0.810 


Required Airspace 
0.200 
N/A 
0.400 
N/A 


External Pkg. Total 
1.950 
1.975 
0.938 
1.002 


Min. Ext. w/ 
2.150 
1.338 
Airspace Fixture 


9.2.2 
ACTIVE HEAT SINK DETAILS 


Since the Pentium OverDrive processor dissipates 
more power than the Intel486 Family, it requires a 
larger cooling capacity. To accomplish the task of 
cooling the Pentium OverDrive processor, an active 
heat sink is attached to the top of the part. The ac- 
tive heat sink will use a heatsink/fan combination to 
provide airflow at high velocity to the Pentium Over- 
Drive 
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Required Airspace 
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Pentium 
OverDrive 
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Active Fan/heatsink Unit 
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PGA PACKAGE 


'Nominal 
dimensions, 
in inches. 
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Figure 9-1. 235-Pln, PGA Package with Active Heat Sink Attached 


processor. No external connections (Power, etc ... ) 
will be required for the active heat sink. All the need- 
ed connections will be made through the pins of the 
processor. The amount of extra power needed for 
the fan is taken into account in the Ice numbers of 
the processor. 


The fan/heatsink unit also supports an integrated 
thermal protection mechanism that will allow the fan 
to signal the processor if the speed of the fan should 
become insufficient to cool the processor. Should 
this occur, the processor will modify its internal core 
frequency to match the elK input in a manner that 
is transparent to the external system. The fan/heat- 
sink has been designed so that should the fan stop, 
it will have the capability to properly cool the proces- 
sor in a still air environment. The fan unit is remov- 
able so that the unit may be easily replaced. If the 
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fan is removed, or power to the fan is lost, the proc- 
essor will treat these conditions as if the fan has 
failed. Figure 9-2 below gives a functional represen- 
tation of the Pentium OverDrive processor and heat 
sink unit. 


As can be seen in the mechanical dimensions in Ta- 
ble 9-1, the actual height required by the heat sink is 
less than the total space allotted. Since the Pentium 
OverDrive processor employs an active heat sink, a 
certain amount of space is required above the heat 
sink unit to ensure that the airflow is not blocked. 
Figure 9-3 shows unacceptable blocking of the air- 
flow for the Pentium OverDrive processor heat sink 
unit. Figure 9-4 details the minimum space needed 
around the PGA package to ensure proper heat sink 
airflow. 
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Figure 9-2. Active 
Heat Sink Example 
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Minimum 
Air 
Space 
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Figure 9-3. Active 
Heat Sink Top Space Requirements 
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Figure 9-4. Required 
Free Space from Sides of PGA Package 
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As shown in Figure 9-4, it is acceptable to allow any 
device to enter within the free space distance of 
0.2" from the PGA package if it is not taller than the 
level of the heat sink base. In other words, if a com- 
ponent is taller than height "S", it can not be closer 
to the PGA package than distance "A". This applies 
to all four sides of the PGA package, although the 
back and handle sides of a ZIF socket will generally 
automatically meet this specification since they have 
widths larger than distance "A". 


9.2.3 
SOCKET 3 PINOUT 


Socket 3 is the ZIF (Zero Insertion Force) socket 
recommendedfor the Pentium OverDrive processor. 
To ensure proper orientation, four comer pins have 
been removed from the outer row of pins. This 
includes the "key" pin in the inside corner. Figure 9-5 
shows an example of the pinout of Socket 3. 
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Figure 9-5. 237-Pln, PGA ZIF Socket 3 
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Product 
Highlights 


• 
Distinctive 
socket 
with the "Socket 
3" marking 


• 
Rapid end user access 
to Socket 
3 


• 
Keyed 
ZIF socket 
for easy and correct 
Pentium 
OverDrive 
processor 
installation 


9.2.4 
"END 
USER EASY" 
RECOMMENDATIONS 


PC buyers value easy and safe upgrade 
installation. 
PC manufacturers 
can make upgrade 
component 
in- 


stallation 
in the Pentium OverDrive 
processor 
socket 


simple and foolproof 
for the end user and resell er by 
implementing 
the 
suggestions 
listed 
in Table 
9-2. 


These 
are presented 
here as strong 
guidelines 
for 
any Pentium 
OverDrive 
processor 
design. 


Table 9-2. 
Socket 
and Layout 
Considerations 


"End 
User Easy" 
Implementation 
Feature 


Visible Pentium 
The Pentium OverDrive 
processor 
socket should be easily visible when the PC's 


OverDrive 
Processor 
cover is removed. 
Label the Pentium OverDrive 
Processor 
socket and the location 
Socket 
of pin 1 by silk screening 
this information 
on the PC board. 


Accessible 
Pentium 
Make the Pentium OverDrive 
processor 
socket easily accessible 
to the end user. 
OverDrive 
Processor 
(e.g., do not place the Pentium OverDrive 
processor 
socket under a disk drive.) Be 
Socket 
sure to leave enough clearance 
to open the Zero Insertion Force (ZIF) socket. 


Foolproof Chip 
The Pentium OverDrive 
processor 
socket must insure proper orientation 
of the 
Orientation 
Pentium OverDrive 
processor. 
The 236-pin, 
PGA package of the Pentium 
OverDrive 
processor 
is orientated 
by the four corner pins that have been removed 
from the "pin 1" corner. These four contacts 
(A2, A3, B1, and C1) in the socket 
should be plugged, such that PGA pins cannot be inserted, to assure correct 
orientation. 
All inside contacts (11 innermost 
rows) should be plugged, except the 


"key" pin (E5), to insure correct orientation 
and alignment. 
The total number of 
contacts fo the Pentium OverDrive 
processor 
socket is therefore 
237; a standard 
240-pin socket plus the inside "key" pin and less the four outside corner pins. 
:' 
Supplying 
a 237-pin socket as the Pentium OverDrive 
processor 
socket eliminates 
the possibility 
of end users or resellers damaging 
the PC board or the Pentium 
OverDrive 
processor 
by powering 
up the system with the Pentium OverDrive 
processor 
in the incorrect orientation. 


Zero Insertion Force 
The high pin count of the Pentium OverDrive 
processor 
makes the insertion force 
Pentium OverDrive 
required for installation 
into a screw machine 
PGA socket excessive. 
Even most 
Processor 
Socket 
Low Insertion Force (LlF) sockets require more than 60 Ibs. of insertion force. A 
Zero Insertion Force (ZIF) socket insures that the chip insertion force does not 
damage the PC board. Be sure to allow enough clearance 
for the ZIF socket handle. 


Do not use a LlF or screw machine socket. 


"Plug and Play" 
Jumper or switch changes 
should not be needed to electrically 
configure 
the system 
for the Pentium OverDrive 
processor. 


Thorough 
Describe the Pentium OverDrive 
processor 
socket and the Pentium OverDrive 
Documentation 
processor 
installation 
procedure 
in the PC's User's Manual. 


1998 PentiurrfP Processor 
Databook 
5-37 


Intel Pentium® OverDrive® 
Processor 


5-38 


9.2.6 ZIF SOCKET VENDORS 


Intel can provide a complete list of socket manufac- 
turers that have been qualified to produce Socket 3. 
For more information, please contact your local Intel 
sales office. 


9.3 
Upgrade Circuit Design 


9.3.1 DUAL PROCESSOR SITE DESIGN 


The Pentium OverDrive processor can reside on the 
same processor bus as an Intel486 processors. The 
Pentium OverDrive processor specifies a UP# out- 
put (Upgrade Present) pin which should be connect- 
ed directly to the UP# input pin of the Intel486 mi- 
croprocessor. When the Pentium OverDrive proces- 
sor occupies 
the 
Pentium OverDrive processor 


socket, the UP# signal (active low) forces the ln- 
tel486 microprocessor to tri-state all outputs and re- 
duce power consumption. When the Pentium Over- 
Drive processor is not present, a pull-up resistor, in- 
ternal to the Intel486 microprocessor, drives UP# 
inactive and allows the Intel486 microprocessor to 
control the processor bus. 


9.3.2 SINGLE PROCESSOR SITE DESIGN 


A single processor site is defined as a system de- 
sign that can accept all Intel486 processors in a sin- 
gle socket location. Doing a single socket design re- 
quires that certain pins are connected via the INC 
pins of the Pentium OverDrive processor. See Sec- 
tion 9 for more details on how to design a single 
socket processor site compatible other Intel486 
processors. 


9.3.3 CIRCUIT CONSIDERATIONS FOR WRITE 
BACK CACHE SUPPORT 


The Pentium OverDrive processor is specified to 
support the MESI write back protocol for the on-chip 
cache. To support the write back protocol, seven 
new signals , are defined for the Pentium OverDrive 
processor, four of which are present on the Write- 
Back Enhanced IntelDX2 processor. The new sig- 
nals defined for MESI write back capability are WBt 
WT#, INV, HIT#, HITM#, CACHE#, EWBE#, and 
BLEN#. Another new pin, INIT, is used to facilitate 
warm resets. These new signals are defined in detail 
in Section 2. For more information on designing a 


intel~ 


system for processor write back cache support that 
is compatible with the Write-Back Enhanced In- 
t~IDX2 processor, please see Section 10. 


9.3.4 Pentlum<!l OverDrlve<!l PROCESSOR 
DECOUPLlNG CAPACITORS 


Because of the fast internal switching speeds of the 
Pentium OverDrive processor, it is important that the 
Pentium OverDrive processor use a liberal amount 
of decoupling capacitors. For proper VCC transient 
response, Intel recommends that a system design 
employ at least 4 each of 47 /JoFbulk capacitors and 
9 each of 0.1 /JoFand 0.01 /JoFcapacitors. It is recom- 
mended that surface mount capacitors be used for 
decoupling the Pentium OverDrive processor. This 
style of capacitor introduces less inductance than 
leaded capacitors, so fewer are needed to achieve 
the same results. The capacitors should be added 
around the Pentium OverDrive processor in a man- 
ner that ensures they are evenly spread about and 
close to the processor location. 


9.4 
Socket Test Requirements 


The electrical functionality of the Pentium OverDrive 
processor socket can be verified by fully testing the 
PC with a populated Pentium OverDrive processor 
socket. The Pentium OverDrive processor should be 
used to test for hardware and·software compatibility. 
The BIOS requirements to maintain compatibility with 
all OverDrive processors 
are 
discussed 
in the 
Implementation Speicific 
Details 
section 
of 
the 


Pentium 
OverDrive 
processor 
Specification. 
All 


OverDrive processors undergo thorough application 
software 
compatibility 
testing 
prior 
to 
their 
introduction. If the system design supports a write 
back processor cache, the design should be tested 
with the Write-Back Enchanced IntelDX2 processor 
as well. 


9.5 
Thermal Management 


The Pentium OverDrive processor and system chas- 
sis have several unique design requirements due to 
the attached active heat sink. The following sections 
provide sample maximum system operating temper- 
ature calculations so that systems may be designed 
to comply with the thermal requirements of the Pen- 
tium OverDrive processor. 
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9.5.1 THERMAL CALCULATIONS FOR A 
HYPOTHETICAL SYSTEM 


The following equation can be used to calculate the 
maximum operating temperature of a system. 


TA(IN) = TSINK - 
(Power 
• 6SI) 


The parameters are defined as follows: 


TA(IN): 
The temperature of the air going Into the 
heat sink fan unit. 


Temperature of heat sink base, as mea- 
sured in the center. 


Dissipation in Watts = vcc • 'cc 
Heat 
Sink 
to 
Internal 
Temperature 
[TA(IN)l Thermal Resistance 
TA(OUT): 
The temperature of the air outside the 
system. 


TSINK: 


Since the Pentium OverDrive processor uses an ac- 
tive heat sink, 8S1 is relatively constant, regardless 
of the airflow provided to the processor. The 8S1 is 
provided in Table 9-3. Table 9-4 details the maxi- 
mum current requirements of the Pentium OverDrive 
processor. The maximum allowable TA(IN) is 55°C 
for both 25 MHz and 33 MHz with the heat sink at- 
tached. 


Processor Type 


Active Heat Sink 


Table 9-4_Pentlum@OverDrlve@ Processor 
Typical and Maximum tee Values 


System 
Processor 
Processor 
Frequency 
Typical 
Maximum 
(MHz) 
Icc (mA) 
Icc(mA) 


25 
TBD 
1900 


33 
TBD 
2800 
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ICCis dependent upon the vcc level of the system, 
processor bus loading, software code sequences, 
and silicon process variations. For the Pentium 
OverDrive processor specifications, the maximum 
lee value is derived by testing a sample of compo- 
nents under the following worst case conditions: 
vcc = 5.3V, full DC current loads on all output pins, 
and running a file with the predicted worst case soft- 
ware code sequences at the specified frequency. 
The typical Icc value published is' the 'cc corre- 
sponding to the worst observed tee value for an av- 
erage component running under the above worst 
case conditions. No additional margin is added to 
this value. Icc typical is not a guaranteed specifica- 
tion. 


9.5_2 AIRFLOW 


Since the Pentium OverDrive processor employs an 
active heat sink, it is not as important that the proc- 
essor heat sink receive direct airflow, rather that the 
system has sufficient capability to remove the warm 
air that the Pentium OverDrive processor will gener- 
ate. This implies that enough airflow exists at the 
Pentium OverDrive processor socket site to keep lo- 
calized heating from occurring. This can be accom- 
plished by a standard power supply fan with a clear 
path to the processor. Figure 9-6 shows how system 
design can cause localized heating to occur by limit- 
ing the airflow in the area of the processor. The air- 
flow supplied in the system should also be enough 
to insure that the OEM processor shipped with the 
system will meet the OEM processor thermal specifi- 
cations before the system is upgraded with the Pen- 
tium OverDrive processor. 
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Figure 9-6. Pentlumll OverDrlvell Processor Airflow Design Examples 


10.0 
DESIGNING FOR Write-Back 
Enhanced InteIDX2/Pentium@ 
OverDrive@ PROCESSOR 
COMPATIBILITY 


End Users have made upgradability an expected 
feature in any personal computer purchase. The 
Pentium OverDrive Processor is the intended up- 
grade for systems based on the Write-Back En- 
hanced IntelDX2 processor, an IntelDX2 processor 
with an on-board write back cache. When installed in 
a system designed to support a write back proces- 
sor cache, the Pentium OverDrive processor can 
reach its full performance potential. 


To make the task of designing an upgradable sys- 
tem easier, the Write-Back Enhanced IntelDX2 and 
the Pentium OverDrive processor have been de- 
signed to be compatible with one another. However, 


since the Pentium OverDrive processor retains many 
of its Pentium processor features, certain system de- 
sign considerations must be taken into account to 
ensure that a Write-Back Enhanced IntelDX2 proc- 
essor system can be upgraded seamlessly. 


T~roughout this section, a "Single Socket Design" 
will refer to a motherboard design that has only one 
processor site. This means that the Write-Back En- 
hanced IntelDX2 processor must be removed from 
the socket before the Pentium OverDrive processor 
can be installed. A "Dual Socket Design" refers to a 
two socket motherboard, one in which the Write- 
Back Enhanced IntelDX2 resides in a fixed location, 
and the Pentium OverDrive processor is installed 
into an empty upgrade socket. This section will 
make reference to both types of designs, but con- 
centrates on the single socket design strategy. 
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The following 
section 
provides 
a list of considera- 
tions 
that 
must 
be 
examined 
to 
allow 
a Pentium 
OverDrive 
processor 
to operate 
properly 
in a system 
designed 
to support 
the 
Write-Back 
Enhanced 
In- 
telDX2 processor 
and a write back processor 
cache. 
The considerations 
listed 
here are only intended 
to 
be relevant 
to the 
Write-Back 
Enhanced 
IntelDX2 
processor 
Enhanced 
Bus Mode although 
some may 
still be valid for the Standard 
Bus Mode. These con- 
siderations 
are 
provided 
as 
guidelines 
only, 
and 
should 
be used in conjunction 
with the rest of this 
document 
to ensure proper Pentium OverDrive 
proc- 
essor operation. 


10.1 Pinout Differences 


Intel Pentium@ OverDrive® 
Processor 


tween the Write-Back 
Enhanced 
IntelDX2 
processor 
and the Pentium 
OverDrive 
processor 
exist on the 
same pin on both parts (assuming 
that pin A 1 on the 
Write-Back 
Enhanced 
IntelDX2 
processor 
= Pin B2 
on the Pentium 
OverDrive 
processor). 


NOTE: 
All references 
to Pentium 
OverDrive 
proces- 
sor 
pins 
are with 
respect 
to 
a 19x19 
grid, 
while 
references 
to 
Write-Back 
Enhanced 
IntelDX2 
processor 
pins are on a 17x17 grid. 


10.1.1 
ADDITIONAL 
PINS ON THE Pentlum~ 
OverDrlve~ 
PROCESSOR 


The 
Pentium 
OverDrive 
processor 
defines 
signal 
pins 
that 
provide 
functionality 
that 
the 
Write-Back 
Enhanced 
IntelDX2 
processor 
does not have. These 
pins are defined 
in Table 
10-1 below. 


The 
Pentium 
OverDrive 
processor 
pinout 
is based 
on a 19x19 PGA package 
as opposed 
to the Write- 
Back 
Enhanced 
IntelDX2 
processor 
17x17 
PGA 
package. 
Most of the signals 
that are common 
be- 


Table 
10-1. Addltonal 
Pentlumi8> OverDrlve~ 
Processor 
Pins 


Pentlumi8> Ov'erDrlvei8> 


Processor 
Plnl 
Signal 
Write-Back 
Comment 
Name 
Enhanced 
IntelDX2 
Processor 
Pin 


BLEN,*, 
A7/Not 
Present 
BLEN '*' (Burst Length) controls 
write bursting on the Pentium 
(Input) 
OverDrive processor. 
It can not be toggled 
and should be tied high, 
low, or left unconnected. 
It must be driven LOW if the system is 
able to accept burst write backs. If BLEN'*' 
is driven HIGH to force 
write backs to be written out as four separate 
write cycles, 
HOLD 
will not be recognized 
until all four cycles have completed, 
even 
though each cycle will have its own ADS '*' and BLAST '*'. 


EWBE,*, 
P1/Not 
Present 
EWBE '*' (External 
Write Buffer Empty) will allow writes to E or M 
(Input) 
state lines when asserted 
LOW. If it is sampled 
HIGH the 
processor 
will hold off writes to E or M state lines until asserted 
LOW again. 
•. 


HIT'*' 
U2/Not 
Present 
HIT '*' provides 
an indication 
that an external snoop has hit a M,E 
(Output) 
or S state line in the internal 
cache. 


UP,*, 
C15/B14 
UP '*' is driven LOW to indicate 
to the system that an upgrade 
(Output) 
processor 
is installed. 
In a single socket design, it shares a pin with 
the Write-Back 
Enhanced 
IntelDX2 processor 
signal, TMS. In a. 


dual socket design, it should be connected 
to the Write-Back 


, 
Enhanced 
IntelDX2 processor 
UP,*, (Input). 


, 
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Due to its larger package 
and the ability to consume 
more power, 
the Pentium 
OverDrive 
processor 
also 
defines 
a number of extra vcc and vss pins that the 
Write-Back 
Enhanced 
IntelDX2 
processor 
does 
not 
support. 
The extra pins are listed in Table 
10-2. 


Table 
10-2. Additional 
Vcc and Vss Pins 


Vcc 
Vss 
Vss 
Vcc 
Vss 
Vss 


A5 
U3 
K19 
G19 


A9 
A8 
U5 
L1 
H1 


A10 
A12 
U6 
L19 
H19 


A11 
A13 
U7 
R1 
M1 


A16 
A14 
U8 
R19 
M19 


01 
A15 
U12 
U4 
N19 


019 
A17 
U13 
U9 
01 


J1 
C19 
U14 
U10 
019 


J19 
E1 
U15 
U11 
S1 


K1 
E19 
U17 
U16 
S19 


intet 


10.1.2 
PINS NOT SUPPORTED 
BY THE 
Pentlum~ 
OverOrlve~ 
PROCESSOR 


The Pentium OverDrive 
processor 
supports 
all of the 
pins on the Write-Back 
Enhanced 
IntelDX2 
proces- 
sor except 
those 
required 
for JT AG boundary 
scan 
functionality 
and the 
UP'" 
input 
pin. Single 
socket 
designs 
should 
ensure 
that 
if boundary 
scan 
fea- 
tures 
are implemented, 
they 
will not 
interfere 
with 
the operation 
of the Pentium 
OverDrive 
processor. 


Dual socket 
designs 
should 
not route 
the 
Pentium 
OverDrive 
processor 
into the boundary 
scan chain. 


Table 10-3 lists the location 
of the pins that exist on 
the Write-Back 
Enhanced 
IntelDX2 
processor, 
and 
the corresponding 
different 
signals 
on the 
Pentium 
OverDrive 
processor. 


Table 
10-3_ Unsupported 
Write-Back 
Enhanced 
IntelOX2 
Processor 
Pins 


Write-Back 
Pentlum~ 
Enhanced 
IntelOX2 
OverOrlve~ 
, 


Processor 
Processor 
Comment 


Signal 
Signal 


Name/Pin 
Name/Pin 


TCK (Input) 
INC 
Pin B4 on the Pentium OverDrive 
processor 
is defined 
as an INC pin so 
PinA3 
Pin B4 
that TCK can be used by the Write-Back 
Enhanced 
IntelDX2 
processor 
in a single socket design without 
requiring a jumper. 


TOI (Input) 
INC 
Pin B15 on the Pentium OverDrive 
processor 
is defined 
as an INC pin so 
Pin A14 
Pin B15 
that TOI can be used by the Write-Back 
Enhanced 
IntelDX2 
processor 
in a single socket design without 
requiring a jumper. 


TOO (Output) 
INC 
Pin C17 on the Pentium OverDrive 
processor 
is defined 
as an INC pin 
Pin B16 
PinC17 
so that TOO can be used by the Write-Back 
Enhanced 
IntelDX2 
processor 
in a single socket design without 
requiring a jumper. 


TMS (Input) 
UP'" 
(Output) 
If the Write-Back 
Enhanced 
IntelDX2 processor 
boundary 
scan features 
Pin B14 
Pin C15 
are used in a single socket design, the design should ensure that TMS 
will not conflict 
with the Pentium OverDrive 
processor 
UP'" 
when the 
upgrade is installed. 


UP'" 
(Input) 
INC 
Pin 012 on the Pentium OverDrive 
Processor 
is defined 
as an INC pin 
Pin C11 
Pin 012 
so that there can be no conflict with UP'" 
(Input). 
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11~.1.3 SHARED SIGNALS LOCATED ON 
DIFFERENT PINS 


TI~ere are several signals that the Pentium Over- 
DIive Processor has in common with the Write-Back 
Enhanced IntelDX2 processor, but which are located 
on different pins. An example of this would be the 
HITM# 
signal. On the Pentium OverDrive proces- 
sor, it is located in the outer row of pins, while on the 
Write-Back Enhanced IntelDX2 processor, it is locat- 
ed!on one of the inner row processors. Single socket 
designs require that these signals be tied together 
so that the use of a jumper to reroute the signal is 
unnecessary. This is done through the use of the 
INC pin. 


INC pins, by definition are "internally not connected" 
and may be used for routing of signals. Certain Pen- 
num OverDrive processor INC pins should be con- 
nected to the signals that correspond to the Write- 
Back Enhanced IntelDX2 processor write back sig- 
nals and the SRESET signal. Table 10-4 details pins 
that should be routed together. Please note that the 
last two columns in Table 10-4 are the pins on the 
Pentiurn OverDrive socket which must be routed to- 
gether. 


SRESET 


WBfNT. 


9:0.:q·P:'il 
Q:q·:O:·9:Q:O':O:·P:Q:Q':~·p 


FERR. 
g.~.~~~~:~~~~:~:~~'g'~.~:~ 
•...--it~,;··~~:·,,:.. 
..:'.. 
'0.0.0 
~:~·81..::::::·:;;:i;;;;;;::;;;;:::;:;:~:~:i 


~ ~ O:';':':':':':':':':':':':';':':':':';':'q:;q:9 
q t>. 
.... ,,:-9:0 


:'.0'.0', 
'. 0':0:'0 


'~:~:f~:~ 
H:d:i-~8:~:~:fi 


0.<>.0'.0.'00.0·.0.'0.<>.0 
').'0 ,~·.o·o 


I 
I 
CACHE. 
INV 
HITM. 


168 Pin Write-Back 
Enhanced 


IntelDX2 Processor 
Signal Layout 
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Table 10-4. Single Socket Compatibility 
Signals 


Write-Back 
Pentium~ 
Pentlum~ 
Enhanced 
Signal 
IntelDX2 
OyerDrlye~ 
OyerDriye~ 


Processor 
Processor 
Processor 
Signal Pin 
INCPlns 
Signal Pin 


INY 
A10 
N1 
811 


HITM# 
A12 
U1 
813 


CACHE# 
812 
G1 
C13 


WB/WT* 
813 
T1 
p14 


INIT 
C10 
F19 
011 


FERR# 
C14 
814 
015 


Figure 10-1 below shows an example of how the 
INC pins shown in Table 10-4 should be connected 
together to allow single socket compatibility be- 
tween the Write-Back Enhanced IntelDX2 processor 
and the Pentium OverDrive processor. The figure is 
provided as an example only and is not intended to 
be guide for how the signals should actually be rout- 
ed on a motherboard. 


SRESET/INIT 


FERR• 


::6:0:0:::;':::;::'; d::Ci:b::C;:6::.j:b::6:6:a:~::o:6: 
::;i Q:O·.O.·O:" 
'0':0"0:0:0':0"""(,:0':<1.P 
..9 
I 
;): 
':0 :O:'o:o:C':d b:o:o':d'b:'o:o':o'b:'o:c':d 
b:' 


::9 8t~t?:~f~}f~:~:?:t~t~ 
t 


:f~~fd.::::::::!::::·:!:·:::::::::.:.::iJ~:~ 
~. 


9 ....q . 
-:':-b>6-:d 0:' 


g \0.. 
". ·~t~ 
i: 


ci 
:.::: 
i{:6::ti~: 
:q., .'~.'.' 
-v-, 
• 
• 
•• 
.:.:.,'.', 
q::6::9 q;. 
;:t:l :o::(l:~:o::o:t>:~:o::O':t>::~~::.~p 0:0::<1 :~:: 
::::~:~:~:s~ 
~:~:6:~:~::~ 
~:~~~:2:i ~:' WBfNT. 


':p»»p>o:;Q 14<0:0>0:0<0'.>': ~i'C 


I 
I 
I~ 
CACHE. 
INV 
HITM. 
237 Pin Single Socket Design 
Using INe Pins 
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Figure 10-1. Sample Routing of INC Pins 
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10.2 Functional Differences 


The Pentium OverDrive processor and the Write- 
Back Enhanced IntelDX2 processor have been de- 
signed to be functionally alike, but because the Pen- 
tium OverDrive processor is based on the advanced 
Pentium processor core, there are some minor dif- 
ferences that should be accounted for to ensure that 
a Pentium OverDrive processor will operate properly 
in a Write-Back 
Enhanced 
IntelDX2 processor- 
based system. 


10.2.1 WRITE BACK PROCESSOR CACHE 
CONSIDERATIONS 


Both the Write-Back Enhanced IntelDX2 processor 
and the Pentium OverDrive processor support an in- 
ternat write back processor cache. The Pentium 
OverDrive processor carries over the Pentium proc- 
essor cache protocol which supports multiple proc- 
essors in the same system. The Write-Back En- 
hanced IntelDX2 processor cache coherency proto- 
col is designed for single processor systems and is a 
subset of the Pentium OverDrive processor MESI 
protocol. If implemented correctly, a system can be 
designed that will support both protocols without 
sacrificing functionality. The differences of the cache 
cycles between the two processors are described 
below in Table 10-5. 


For any cache read cycle (read hit or line fill), the 
Pentium OverDrive processor behaves in the same 
manner as the Write-Back Enhanced IntelDX2 proc- 
essor. 


As detailed in the Table 10-5, the Pentium OverDrive 
processor allows cache transitions on write through 
cycles (write hits to'S' 
state lines). If PWT is driven 
low, the processor will use the state of WB/WTII 
to 


determine the final state of the entire cache line, 
even if only part of the line was written out by the 
write through cycle. If WB/WT# 
is driven HIGH, the 
state of the line will be changed to the 'E' state. If 
driven LOW, the line will remain in the'S' state. This 
differs from 
the, Write-Back 
Enhanced 
IntelDX2 
processor and its dedicated'S' 
state which always 
enforces the write through properties of a line stored 
in the'S' state. If a system allows regions of memory 
to be stored as write through only via the WB/WT 11 
pin, and other memory regions are stored as write 
back lines, then WB/WT 11 must toggle properly to 
ensure that'S' state lines are never changed to write 
back 'E' lines. If the cache is used in a write back 
mode only (linefills are never stored in the '5' state), 
then there will be no cache coherency issues, but 
there can be a performance issue due to snoop hits 
with INV = LOW. 


For external snoop hits into the cache, the Pentium 
OverDrive processor differs in behavior from the 
Write-Back Enhanced !ntelDX2 processor only in ex- 
ternal snoop hits that drive INV·= 
LOW. As shown 
in Table 10-5, any time a snoop hit occurs with INV 
= 
LOW, the Pentium OverDrive processor will 
change the cache line state to '5'. The Write-Back 
Enhanced IntelDX2 processor will allow lines de- 
fined as write back ('M' and 'E') to transition to the 
initial write back line state of 'E'. If the line started 
out in the '5' state, the Write-Back Enhanced In- 
telDX2 processor will protect the write through 
status of the line by keeping it in the '5' state. On the 
Pentium OverDrive processor, if a system design 
supports snoop cycles with INV = LOW, this could 
result in write back lines ('M' or 'E') being stored in a 
write through state ('5'). This will not cause memory 
coherency issues, but any time a write cycle to the 
line is generated, the cycle will be driven to the bus, 
rather than simply stored in the cache in the 'M" 


Table 10-5 Differences in Cache Cycles 


Pentlum~ 
Write-Back 


OverDrlve~ 
Enhanced 


Type of Cycle 
Processor 
IntelDX2 
Comments 
Processor 
Line State 
Line State 
Transition 
Transition 


Cache Write 
'5' to 'E' OR 
'S'to'S' 
The Pentium OverDrive processor samples WB/WT 11 
Hit to '5' State 
'5' to '5' 
on write through cycles if PWT is LOW to determine 
Line 
what kind of transition should occur. 


External Snoop 
'M'to'S' 
'M'to'E' 
The assumption that a Write-Back Enhanced IntelDX2 
Hit 
'E' to '5' 
'E' to 'E' 
processor will operate in a single processor system 
INV = 0 
'S'to'S' 
'S' to'S' 
allows for direct transitions to the 'E' state. 
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state. To avoid performance issues, systems that 
can drive INV = lOW should drive WB/WT;; 
= 
HIGH when a write through cycle to such a line oc- 
curs on the bus. As shown in Table 10-5, this will 
ensure that a write back line that has accidentally 
been converted to a write through line will not cause 
more than one unnecessary write cycle on the bus. 


10.2.2 STANDARD/ENHANCED BUS 
DIFFERENCES 


Both the Write-Back Enhanced IntelDX2 processor 
and the 
Pentium OverDrive processor 
use the 
WB/WT;; 
pin as an initialization input on the falling 
edge of RESET. Several signals behave differently 
depending on if the processors are operating in en- 
hanced bus mode or standard bus mode. Some of 
these behaviors are slightly different between the 
Pentium OverDrive processor and the Write-Back 
Enhanced IntelDX2 processor, and are listed below 
in Table 10-6. 


Table 10-6. Differences In Bus Modes 
- 
Pentlum~ 
Write-Back 


Functionality 
OverDrlvee 
Enhanced 
IntelDX2 
Processor 
Processor 


Standard Bus 
0153xh 
0043xh 
Mode 
x = OtoF 
x = OtoF 
CPUID 


Enhanced Bus 
0153xh 
0047xh 
Mode 
x = OtoF 
x = Oto F 
CPUID 


Standard Bus 
INIT is treated 
SRESET is not 
Mode 
as an Interrupt 
an interrupt 
INIT 


Standard Bus 
FLUSH;; will 
FLUSH# will 
Mode 
take about 15 
take 1 Bus 
FLUSH;; 
BusClKs 
ClK 
No Write 
No Write 
Backs 
Backs 


One item to note in Table 10-6 is that the INIT pin on 
the Pentium OverDrive processor is treated as an 
edge triggered interrupt in both the standard and en- 
hanced bus modes. This means that INIT will not be 
recognized until instruction boundaries, and after 
INIT 
has been asserted and recognized, more 
ADS# cycles can be started, even if INIT has not 
been deasserted. 


1998 PentiurrfSi Processor 
Databook 


Intel Pentium@ OverDrive@) Processor 


10.2.3 SOFTWARE DIFFERENCES 


Due to the Pentium processor features found on the 
Pentium OverDrive processor, there are several 
software visible differences that should be account- 
ed for in any system specific firmware or BIOS rou- 
tines. 


10.2.3.1 Cache Testing and Test Registers 


The cache of the Pentium OverDrive processor is 
structured as separate code and data caches, each 
16 KBytes in size. Because of this structure, the 
Pentium OverDrive processor supports Model Spe- 
cific Registers (MSR's) for cache testing, rather than 
the Write-Back Enhanced IntelDX2 processor Test 
Registers. Any attempt to access the Write-Back En- 
hanced IntelDX2 processor test registers on the 
Pentium OverDrive processor will result in invalid op- 
code exceptions. For more information on testing 
the caches of the Pentium OverDrive processor, 
please contact Intel. 


10.2.3.2 Timing Loops 


Timing loops (i.e.: executing a tight loop that does 
nothing) are a common method of providing a soft- 
ware based delay for 1/0 recovery. Because of the 
Pentium processor core and an increased core 
speed, the Pentium OverDrive processor will be able 
to execute instructions must faster than previous 
generations of processors. It is suggested that tim- 
ing loops be avoided, and that a hardware based 
delay scheme be developed, such as writing to a 
dummy 110 port that will delay the returning of 
RDY;; for a fixed amount of time. 


10.2.4 EXTERNAL SNOOPING REQUIREMENTS 
ON EADS# 


The speCification set out in the Hardware Design 
Considerations Section (Sections 4.1.1 and 4.1.2) 
must be observed to ensure that EADS;; will be rec- 
ognized properly by both the Pentium OverDrive 
processor and the Write-Back Enhanced IntelDX2 
processor. 
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10.2.5 
DIFFERENCES 
IN STOP GRANT 
STATE 
OPERATION 


If the STPCLK # pin is asserted and the Pentium 
OverDrive processor issues the stop grant special 
cycle, the processor is in the stop grant state. While 
in this state, the following conditions apply: 
1) If any of the following interrupts are asserted, 
they will be latched and serviced as soon as the 
STPCLK # pin is released and the processor ex- 
its the stop grant state: 


FLUSH #, SMI #, NMI, INIT 
If an interrupt is asserted and then released while 
the processor is in the stop grant state, it will be 
recognized once the processor exits the stop 
grant state even though the interrupt may be 
deasserted. This behavior is different than that of 
the Write-Back Enhanced IntelDX2 processor, 
which requires these interrupts to be held until 
the processor has exited the stop grant state. 


NOTE: 
INTR 
is a level triggered interrupt and will 


not be latched. It must be held until the inter- 
rupt acknowledge cycle to guarantee recog- 
nition. 
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2) Unlike the Write-Back Enhanced IntelDX2 proc- 


essor, if INIT is asserted while in the stop grant 
state, the processor will not automatically exit the 
stop grant state and perform the INIT. As men- 
tioned above, INIT is latched and will be recog- 
nized once the processor exits the stop grant 
state when STPCLK # is deasserted. 


11.0 
DClAC SPECIFICATIONS 


The electrical specifications in this section represent 
the electrical interface of the Pentium OverDrive 
processor. The Pentium OverDrive processor will be 
compatible to the AC/DC 
specifications presented 
in this section. 


Table 11-1 provides the absolute maximum ratings. 
It is a stress rating only, and functional operation at 
the maximums is not guaranteed. Function operating 
conditions are given in Section 11.1 (DC Specifica- 
tions) and 11.2 (A. C. Specifications). 


Extended exposure to the maximum ratings may af- 
fect device reliability. Furthermore, although the 
Pentium OverDrive processor contains protective 
circuitry to resist damage from static electric dis- 
Charge,always take precautions to avoid high static 
voltages or electric fields.. 
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Table 11·1. Absolute Maximum Ratings 


Case Temperature 
under Bias ... 
- 30·C to + 11O·C 


Fan/Heatsink 
Temperature 
under Bias 
- 5·C to + 60·C 


Processor 
Storage 
Temperature 
-30·C 
to + 125·C 


Fan/Heatsink 
Storage 
Temperature 
- 40·C to + 70·C 


Voltage 
on any Pin 
with Respect 
to Ground 
.. - 0.5V to (Vcc 
+ 0.5V) 


Supply Voltage 
with respect to Vss 
-0.5V 
to +6.5V 


Intel Pentium@ OverDrive® 
Processor 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the ''Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


11.1 DCSpecifications 


Table 
11-2 provides 
the DC operating 
conditions 
for the Pentium OverDrive 
processor. 


Functional 
operating 
range: vsx: = 5V + 5%; TA(IN) = O·C to + 55·C @33 MHz and 25 MHz. 


Table 11·2. DC Parametric Values 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


VIL 
Input low 
Voltage 
-0.3 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
VCC + 0.3 
V 


VOl 
Output low 
Voltage 
0.45 
V 
(Note 1) 


VOH 
Output High Voltage 
2.4 
V 
(Note 2) 


tee 
Power Supply Current 
ClK = 25MHz 
1900 
mA 
ClK = 33 MHz 
2800 


III 
Input leakage 
Current 
±15 
p.A 
(Note 3) 


IIH 
Input leakage 
Current 
200 
p.A 
(Note 4) 


IlL 
Input leakage 
Current 
-400 
p.A 
(Note 5) 


ILO 
Output 
leakage 
Current 
±15 
p.A 


CIN 
Input Capacitance 
13 
pF 
Fe = 1 MHz(6) 


Co 
1/0 or Output Capacitance 
17 
pF 
Fe = 1 MHz(6) 


CClK 
ClK 
Capacitance 
15 
pF 
Fe = 1 MHz(6) 


NOTES: 
1. This parameter is measured at: 


Address, Data, BEn 
4.0 mA 
Definition. Control 
5.0 mA 


2. This parameter is measured at: 


Address. Data. BEn 
- 1.0 mA 
Definition. Control 
-0.9 
mA 


3. This parameter is for inputs without pullups or pulldowns and 0 < VIN < vcc 
4. This parameter is for inputs with pulldowns and VIH = 2.4V. 
5. This parameter is for inputs with pullups and VIL = 0.45V. 
6. Not 100% tested. 
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11.2 AC Specifications 
11.2.1 
Vcc TRANSIENT 
SPECIFICATION 


Due to the on-board voltage regulator, the vcc of 
the Pentium OverDrive processor is allowed to ex- 
ceed the. DC Voltage specifications (Vcc = 5V + 
5%) when the processor creates a large current 
transient, as would be the case in a full operation to 
Autohalt transition (2.5A to 200 mA lee change). 
The width of the pulse that exceeds 5V + 5% 
should be no wider than 1ms, and can not exceed 
5.5V. vcc is not allowed to go below the DC specifi- 
cation of 5V - 
5% at any time. This specification 
applies to the Pentium OverDrive processor only 
and can not be applied to any other Intel processors. 
Figure 11-1 shows an example of the vcc transient 
specification. 


Tables 11-3 and 11-4 provide the AC specifications 
for the Pentium OverDrive processor at external 
clock frequencies of 25 MHz and 33 MHz respec- 
tively. They consist of output delays, input setup re- 
quirements, and input hold requirements. All AC 
specifications are relative to the rising edge of the 
input system clock unless otherwise specified. Inter- 
nal core frequencies will be a multiple of the system 
bus frequency. 


290544-19 
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Figure 11-1. Vcc Transient 
Example 
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Table 11·3. Pentlumi!>OverDrivei!> Processor-25 
MHz AC Characteristics 
vcc = 5V + 5%; TA(IN) = O°Cto + 55°C;CL = 50 pF (1)Unless Otherwise Specified 


Symbol 
Parameter 
Mln 
Max 
Units 
Figure 
Notes 


Frequency 
8 
25 
MHz 
lX Clock Input to 
Processor 


tl 
ClK Period 
40 
125 
ns 
10·1 


tla 
ClK Period Stability 
250 
ps 
Adjacent Clocks 


t2 
ClK High Time 
14 
ns 
10·1 
at2V 


t3 
ClK low Time 
I 
11 
ns 
10·1 
atO.8V 


t4 
ClKFallTime 
, 
4 
ns 
10·1 
2V to 0.8V 


t5 
ClK Rise Time 
4 
ns 
10·1 
0.8Vto 2V 


la 
A2-A31, PWT, PCD, BEO-3#, M/· 
3 
19 
ns 
10·3 
10#, D/C#, W/R#, ADS#, 
lOCK #, FERR#, BREa, HlDA, 
SMIACT#, Valid Delay 
. 


t7 
A2-A31, PWT, PCD, BEO-3#, 
MI 
28 
ns 
10~3 
After Clock 
10#, D/C#, W/R#, ADS#, lOCK# 
Edge(2) 
Float Delay 


ta 
PCHK# Valid Delay 
3 
24 
ns 
10·3 


t8a 
BLAST #, PlOCK # Valid Delay 
3 
24 
ns 
10·3 


t9 
BLAST #, PlOCK # Float Delay 
28 
ns 
10·3 
After Clock 
Edge(2) 


tlO 
DO-D31, DPO-3 Write Data Valid 
3 
20 
ns 
10·3 
Delay 


tll 
DO-D31, DPO-3 Write Data Float 
28 
ns 
10·3 
After Clock 
Delay 
Edge(2) 


t12 
EADS# Setup Time 
8 
ns 
10·2 


t13 
EADS# Hold Time 
3 
ns 
10·2 


t14 
KEN#, BS16#, BS8# Setup Time 
8 
ns 
10·2 


t15 
KEN#, BS16#, BS8# Hold Time 
3 
ns 
10·2 


t16 
RDY#.•BRDY#, Setup Time 
8 
ns 
10·2 


t17 
RDY#, BRDY#, Hold Time 
3 
ns 
10·2 


t18 
HOLD, AHOlD Setup Time 
8 
ns 
10-2 


t18a 
BOFF#, SMI# Setup Time 
8 
ns 
10·2 


t19 
HOlD,AHOlD,BOFF#,SMI# 
3 
ns 
10·2 
Hold Time 


t20 
RESET, FLUSH#, A20M #, NMI, 
8 
ns 
10-2 
INTR, IGNNE#, INIT Setup Time 


121 
RESET, FLUSH#, A20M #, NMI, 
3 
ns 
10·2 
INTR, IGNNE#, INIT Hold Time 
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Table 
11·3. Pentlum~ 
OverOrlve~ 
Processor-25 
MHz AC Characteristics 
(Continued) 
vcc = 5V + 5%;TA(IN) 
= O°C to + 55°C; CL = 50 pF (1) Unless Otherwise 
Specified 
(Continued) 


Symbol 
Parameter 
Mln 
Max 
Units 
Figure 
Notes 


t22 
00-031, 
OPO-3, 
A4-A31 
5 
ns 
10-2 
Read Setup Time 


t23 
00-031, 
OPO-3, 
A4-A31 
3 
ns 
10-2 
Read Hold Time 


t38 
WB/WT 
11 and EWBE 11 Setup Time 
8 
ns 
10-2 


t39 
WB/WT 
11 and EWBE 11 Hold Time 
3 
ns 
10-2 


l40 
INY Setup 
Time 
8 
ns 
10-2 
d 


t41 
INY Hold Time 
3 
ns 
10-2 


t42 
HITII, 
HITMII 
Valid Delay 
c 
3 
19 
ns 
10-3 


l43 
HIT 11, HITM 11 Float Delay 
28 
ns 
10-3 
Only during Three 
State Test Mode 


l44 
CACHE 
11 Valid Delay 
3 
19 
ns 
10-3 


l45 
CACHE 
11 Float Delay 
, 
28 
ns 
10-3 


l46 
STPCLK 
11 Setup Time 
5 
ns 
10-2 


l47 
STPCLK 
11 Hold Time 
, 
3 
ns 
10-2 


NOTES: 
1. All timing specifications assume CL = 50 pF. Section 9.2.1 provides the charts that may be used to determine the delay 
due to derating. depending on the lumped capacitive loading. that must be added to these specification values. 


2. Not 100% tested. guaranteed by design characterization. 
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Table 
11-4. Pentlum@ 
OverDrlve~ 
Processor-33 
MHz AC Characteristics 
vcc = 5V + 5%; TA(IN) = O°C TO + 55°C; CL = 50 pF (1) Unless Otherwise 
Specified 


Symbol 
Parameter 
Mln 
Max 
Units 
Figure 
Notes 


Frequency 
8 
33 
MHz 
1X Clock Input to 
Processor 


tl 
CLK Period 
30 
125 
ns 
10·1 


tla 
CLK Period Stability 
250 
ps 
Adjacent 
Clocks 


t2 
CLK High Time 
11 
ns 
10·1 
At2V 


t3 
CLK Low Time 
8 
ns 
10·1 
At 0.8V 


t4 
CLK Fa"Time 
3 
ns 
10·1 
2Vto 
0.8V 


ts 
CLK Rise Time 
3 
ns 
10·1 
0.8V to 2V 


lE; 
A2-A31, 
PWT, PCD, BEO-3l1f, 
3 
14 
ns 
10·3 
MIIOllf, 
D/ClIf, 
W/RlIf, 
ADSlIf, 
LOCK lIf, FERR lIf, BREQ, HLDA, 
SMIACT 
lIf, Valid Delay 


t7 
A2-A31, 
PWT, PCD, BEO-3l1f, 
20 
ns 
10·3 
After Clock 
MIIOllf, 
D/ClIf, 
W/RlIf, 
ADSlIf, 
Edge(2) 
LOCK lIf BP3, BP2, Float Delay 


t8 
PCHK lIf Valid Delay 
3 
14 
ns 
10-3 


t8a 
BLAST lIf, PLOCK lIf Valid Delay 
3 
14 
ns 
10-3 


t9 
BLAST lIf, PLOCK lIf Float Delay 
20 
ns 
10-3 
After Clock 
Edge(2) 


tl0 
DO-D31, 
DPO-3 
Write Data Valid 
3 
14 
ns 
10-3 
Delay 


tll 
DO-D31, 
DPO-3 
Write Data Float 
20 
ns 
10-3 
After Clock 
Delay 
Edge(2) 


t12 
EADSlIf 
Setup Time 
5 
ns 
10-2 


t13 
EADSlIf 
Hold Time 
3 
ns 
10-2 


t14 
KENlIf, 
BS16l1f, BS8l1f Setup Time 
5 
ns 
10-2 


t15 
KENlIf, 
BS16l1f, BS8l1f Hold Time 
3 
ns 
10-2 


t16 
RDY lIf, BRDY lIf, Setup Time 
5 
ns 
10-2 


t17 
RDY lIf, BRDY lIf, Hold Time 
3 
ns 
10-2· 


t18 
HOLD, AHOLD 
Setup Time 
6 
ns 
10-2 


t18a 
BOFF lIf, SMI lIf Setup Time 
7 
ns 
10-2 


t19 
HOLD, AHOLD, 
BOFF lIf, SMI lIf Hold 
3 
ns 
10-2 . 


Time 


t20 
RESET, FLUSHlIf, 
A20MlIf, 
NMI, 
5 
ns 
10-2 
INTR, IGNNE lIf, INIT Setup Time 


t21 
RESET, FLUSHlIf, 
A20MlIf, 
NMI, 
3 
ns 
10-2 
INTR, IGNNE lIf, IN IT Hold Time 


1998 Pentlurrf'Y Processor 
Databook 
5-51 


/ 


Intel Pentium@ 
OverDrive@> Processor 


Table 
11-4. Pentlum~ 
OverOrlve~ 
Processor-33 
MHz AC Characteristics 
(Continued) 
vcc = 5V + 5%; TA(IN) = O°C TO + 55°C; CL = 50 pF (1) Unless Otherwise 
Specified 
(Continued) 


Symbol 
Parameter 
Mln 
Max 
Units 
Figure 
Notes 


t22 
00-031,OPO-3,A4-A31 
5 
ns 
10-2 
Read Setup Time 


t23 
00-031, 
OPO-3, 
A4-A31 
3 
ns 
10-2 
Read Hold Time 


t38 
WB/WT 
it and EWBE it Setup Time 
5 
ns 
10·2 


WB/WT 
it and EWBE it Hold Time 
3 
10·2 


- 


t39 
ns 


t40 
INY Setup Time 
5 
ns 
10-2 


t41 
INY Hold Time 
3 
ns 
10-2 


t42 
HIT"', 
HITMit 
Valid Delay 
3 
14 
ns 
10-3 


t43 
HITit, 
HITMit 
Float Delay 
20 
ns 
10-3 
Only during Three 
State Test Mode 


t44 
CACHE'" 
Valid Delay 
3 
14 
ns 
10-3 


t45 
CACHE it Float Delay 
20 
ns 
10-3 
, 


t46 
STPCLK it Setup Time 
5 
ns 
10-2 


t47 
STPCLK'" 
Hold Time 
3 
ns 
10·2 


NOTES: 
1. All signal timings 
except 
Boundary 
Scan timing 
specifications 
assume CL = 50 pF. Section 
9.2.1 provides 
the charts 
that 


may be used to determine 
the delay due to derating. 
depending 
on the lumped 
capacitive 
loading. 
that must be added 
to 
these 
specification 
values. 


2. Not 100% tested. 
guaranteed 
by design 
characterization. 
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INPUTS 
VALID 


tx = 112,114,I 16,I18,1180,120,122,138.140,146 


Iy= 113,lIS, 117,I19,121,139,141,147 


290544-21 


Figure 11·3. SETUP and HOLD Timings 
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OUTPUTS 


tx = 16,18,180,110,142,144 


Iy = 17,19,111,143,145 
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Figure 11·4. Valid and Float Delay Timings 
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11.2.2 DERATING 1/0 SPECIFICATIONS 
must be added accordingly to the specification val· 
ues listed in Tables 11·3 and 11·4 for the Pentium 


, OverDrive 
processor. These 
values 
are 
design 


estimates. 


Figures 11·5 and 11·6 can be used to determine the 
amount of derating necessary for a given amount of 
lumped capacitive load. This delay due to derating 
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Figure 11-5. Loading Delay vs Load Capacitance (High to Low Transition) 
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Figure 11-6. Loading Delay vs Load Capacitance (Low to High Transition) 
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Refer to the Pentium Processor Data Book for more 
information on instruction execution timing and pair- 
in~ 
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A generic discussion on the operation of cache 
memories can be found in the Intel Cache Tutorial 
available from your Intel sales representative or from 
lntel's Literature department, order 11296543·002. 
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Pentium® OverDrive® PROCESSOR FOR 
Pentium PROCESSOR-BASED 
SYSTEMS 


1201133·MHz Pentiutti" OverDrivee 
Processor 
» 
to upgrade 
60- and 66-MHz Pentium Processors 


• 
Powerful 
Processor 
Upgrades 
for 
Upgradable 
Pentium® Processor-Based 
Systems 


• 
Superscalar 
Architecture 


- 
Dual Pipelined 
Integer 
Units and 
Pipelined 
Floating-Point 
Unit 


• 
8KB Data and 8KB Instruction 
Cache 


• 
.35JlM BiCMOS 
Silicon 
Technology 


• 
On-package 
Voltage 
Regulation 
and Voltage 
Filtering 


• 
Integrated 
FanlHeatsink 
Thermal 
Solution 


• 
Compatible 
with Installed 
Software 
Base 
- 
MS-DOS*, 
Windows*, 
Windows 
95, 
Windows 
NT, OS/2*, 
UNIX* 


• 
Product 
Line Supports 
Socket 
4 
Designs 


• 
273 pin PGA Package 


• 
Easy Installation 


• 
Supports 
60- and 66-MHz 
Bus Speeds 


• 
5.0 Volt Supply 


The 
Pentium'" 
OverDrive'" 
processor 
is an end-user, 
single 
chip, 
processor 
upgrade 
for Pentium 
processor- 
based 
systems. 
The 
end users 
are able to increase 
the performance 
of their 
pes 
by simply 
replacing 
the 


existing 
processor 
with 
a Pentium 
OverDrive 
processor. 
The 
Pentium 
OverDrive 
processor 
provides 
the 


performance 
needed 
for today's 
mainstream 
desktop 
applications 
and workstations. 
The 
Pentium 
OverDrive 


processor 
upgrades 
Pentium 
processor-based 
systems 
to faster 
Pentium 
technology. 
The Pentium 
OverDrive 


processor 
is binary 
compatible 
with the Pentium 
processors 
and compatible 
with the entire 
installed 
base of 
applications 
for MS-DOS·, 
Windows·, 
Windows 
95, Windows 
NT, OS/2·, and UNIX·. 


The 120/133-MHz 
Pentium 
OverDrive 
processor 
is designed 
to upgrade 
60- and 66-MHz 
Pentium 
processor- 


based systems 
with Zero Insertion 
Force (ZIF) Socket 4. This upgrade 
product doubles the intemal 
clock speed 


of the processor 
without requiring system jumper changes. 


The Pentium 
OverDrive 
processors 
for Pentium 
processor-based 
systems 
have 3.3 million transistors 
and are 


built on Intel's advanced 
0.35-micron 
silicon technology. 
The Pentlum OverDrive 
processors 
are equipped 
with 


high reliability, 
integrated 
fan/heatsinks. 


August 1997 
Order Number: 290579-001 
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Pentium® OverDrive® 
Processor 
for Pentium Processor-Based 
Systems 


1.0 
INTRODUCTION 


This datasheet describes Intel Pentium OverDrive 
processor for upgradable Pentium processor based- 
systems. 
The 
Pentium 
OverDrive 
processor 
currently includes upgrades for 60- and 66-MHz 
Pentium processors. In the future, Intel will also 
offer faster Pentium OverDrive processors for 120 
and 133-MHz Pentium processors, and continues to 
offer Pentium OverDrive processors for Intel486™ 
processors. Technical description of the Pentium 
OverDrive processor for 
Intel486 processors is 
available in Intel OverDrive@ Processors 
datasheet 
(Order #290436). 


This datasheet is intended to be used in conjunction 
with the Pentiufrt@ Family 
User's 
Manual 
(Order 
#241428), which 
describes the 
Pentium family 
architecture and functionality. All enhancements or 
differences 
between 
the 
Pentium 
OverDrive 
processor and the original processor (Le., 60/66- 
MHz Pentium processor vs. 120/133-MHz Pentium 
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OverDrive 
processor) 
are 
described 
in 
this 
datasheet. Pentium processor-based systems that 
are 
compatible 
to 
the 
Pentium 
OverDrive 
processor(s) must be designed to both the original 
processor specifications and the Pentium OverDrive 
processor(s) specifications. 


1.1. 
ProductOverview 


Pentium OverDrive 
processors, 
for 
upgradable 
Pentium systems, allow users to upgrade to more 
advanced 
Pentium 
processor 
technology. 
The 
following sections provide an overview of each of 
the Pentium OverDrive processors. Refer to the 
later section for more detailed information. 


Figure 1 contains the block diagram of the Pentium 
OverDrive processor. Figure 2 lists some of the key 
features of the Pentium OverDrive 
processors. 


Figure 3 describes the upgrade choices available 
for an existing Pentium processor system. 
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Figure 1. Pentlum" OverDrive- Processor Block Diagram 
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• 


• Based on Advanced Pentium" 
Processor Technology 
• Superscalar 
Architecture 
• Pipelined 
Floating-Point 
Unit 
• Separate 8K Code and 8K Data caches 
• 64 Bit Data Bus 
• Address Parity 
• Performance 
Monitoring 
• System Management 
Mode 
• Fractional 
Bus Operation 


• .351lM BiCMOS Silicon Technology 
• Dynamic Branch Prediction 
• Improved Execution Time 
• Writeback 
MESI Protocol in the Data Cache 


• Bus Cycle Pipelining 
• Internal Parity Checking 
• IEEE 1149.1 Boundary 
Scan 
• Virtual Mode Extensions 
• Execution 
Tracing 
• Active FanlHeatsink 


• For 60- and 66-MHz Pentium 
processor-Based 
Systems 


• 273 Pin PGA Pinout 
• On Package Voltage Regulator 


1201133-MHz 
Pentium 
OverDrive® Processor 


Figure 2. Pentium- OverDrive- Processor Key Features 


Current 
Processor 
Pentium" Overfsrive" 
Processor Upgrade 


60 or 66-MHz Pentium 
1201133-MHz Pentium 
Processor 
OverDrive Processor 


Figure 3. Pentium- OverDrive- Processor Upgrade Choices 
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1.2. 
Product 
Description 


1.2.1. 
120/133·MHZ 
Pentium@OverDrive® 
PROCESSOR 


The 120/133·MHz Pentium OverDrive processor is 
designed to 
upgrade 60- and 66-MHz Pentium 
processor-based systems with the Zero Insertion 
Force (ZIF) Socket 4. These upgrade products 
double the internal clock speed of the processor 
without changing the system's jumper configurations. 
This 
accelerates both 
integer and floating-point 
instructions, 
to 
deliver 
significant 
performance 


increase across all software applications. 


The speed doubling technology allows the 120/133- 
MHz Pentium OverDrive· processor to 
internally 
operate at twice the speed of the system bus; up to a 
maximum of 133-MHz for a 66-MHz bus system. 


The 
120/133-MHz Pentium OverDrive 
processor 
comes in a 273-pin PGA package and is a drop-in 
replacement 
for 
the 
60 
or 
66-MHz 
Pentium 
processor. It is designed to be installed into the 
OverDrive processor socket (Socket 4) of the 60 or 
66-MHz 
Pentium processor-based systems. 
The 
120/133-MHz Pentium OverDrive processor comes 
with an on-package voltage regulator to provide 3.3 
volts to the core and a fan/heatsink for a complete 
thermal solution. 


1.3. 
Purpose of this Document 


This document describes the system architecture 
and physical environment of the Pentium OverDrive 
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processor. It also outlines differences between the 
original 
Pentium 
processor 
and 
the 
Pentium 
OverDrive processor. 


1.4. 
Compatibility 
Note 


In this document some register bits are shown as 
"Intel Reserved" (RES) and some pins are marked as 
"No Connects" (NC) or "Reserved". (RES). When 
reserved bits are called out, treat them as fully 
undefined. This is essential for software 'compatibility 
with current and future processors. When a pin is 
marked as a "NC" or "RES" it is important to not 
connect any other signals to such pins to ensure 
proper 
operation. 
Intel 
strongly 
recommends 
following the guidelines below: 


1. 
Do not depend on the states of any undefined 
bits when testing the values of defined register. 
Mask them out when testing. 


2. 
Do not depend on the states of any undefined 
bits when storing them to 
memory 
or 
another 
register. 


3. 
Do not depend on the ability to retain information 
written into any undefined bits. 


4. 
When 
loading 
registers 
always 
load 
the 
undefined bits as zeros. 


5. 
Never connect signals to device pins marked 
"NC" or "RES". 


6. 
INC pins are Internal No-Connects. This means 
that the pin is not connected to the processor 
internally.. 
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2.0 
PINOUT 


2.1. 
120/133-MHz 
Pentium® 
OverDrive® 
Processor 


2.1.1. 
273-PGA 
PIN PINOUT 


The 120/133·MHz 
Pentium 
OverDrive 
processor 
has a 273-pin 
PGA pinout and designed 
to be installed 
into 
Socket 4. See Section 6.3. for more details on Socket 4. 


1 
2 
3 
• 
• 
- 


1 
- . 
I. 
11 
12 
13 
,. 
15 ,. 
17 
,. 
10 ,. 
21 


A I1(v 
0 
0 
0 
0 0 
0 0 0 
0 0 0 0 0 
0 0 0 
0 
0 0 0 
A 
•• 100 
FMI •• 
v" 
v •• 
v" 
v" 
Vcc 
DP2 
D23 
v •• 
v" 
v" 
vco 
v" 
v" 
vco 
v •• 
DP5 
Dt3 
04' 
• 0 
0 
0 
0 
0 0 
0 0 0 
0 0 0 
0 0 
0 0 0 
0 
0 
0 0 • 
wc 
.P2 
•P> 
DO 
v •• 
v •• 
v •• 
V_ 
011 
02' 
v •• 
v •• 
v •• 
v •• 
v_ 
v •• 
v •• 
v •• 
041 
041 
04_ 


C 
0 
0 
0 
0 
0 0 
0 0 0 
0 0 0 
0 0 
0 0 0 
0 
0 
0 0 
C 
vcc 
IERRt 
PM11BP1 
04 
DPI 
010 
D22 
D25 
02 •. 
031 
D20 
DO 
01. 
012 
011 
021 
D33 
03_ 
D34 
D50 
052 


0 
0 
0 
0 
0 
0 0 
0 0 0 
0 
0 0 
0 0 
0 0 0 
0 
0 
0 0 
0 
v" 
PMOIBPO 
00 
013 
01. 
010 
D20 
DP3 
021 
D32 
02_ 
03. 
01. 
D40 
03. 
031 
D35 
DP. 
D30 
D42 .,.. 
• 
0 
0 
0 
0 
0 
0 
0 0 0 • 
v" 
v •• 
01 
02 
011 
04_ 
0 •• 
D04 
OPT 


F 
0 
0 
0 
0 
0 
0 
0 0 
F 
v" 
v •• 
03 
DO 
051 
040 
D51 
v •• 


G 
0 
0 
~ 
0 
0 
0 
0 0 
G 


v" 
v •• 
01 
013 
"'" 
v •• 
v •• 


H 
0 
0 
0 
0 
0 
0 
0 0 
H 
v" 
v •• 
FEAFW 
OPO 
003 
"'" 
V_ 
051 


J 
0 
0 
0 
0 
0 
0 
0 0 
J 
v •• 
NC 
KENt 
CACHE' 
05_ 
.,.. 
v •• 
v •• 


K 
0 
0 
0 
0 
0 
0 
0 0 
K 
v •• 
v •• 
NAt 
.OFRO 
CLK 
001 
v •• 
vcc 


L 0 
0 
Q 
0 


TopVI_ 
0 
0 0 0 
v •• 
AHOLO 
NC 
BROYI 
RESET 
000 
v •• 
v •• 
L 


M 
0 
0 
0 
0 
0 
0 
0 0 
M 
v •• 
W8/WT. 
EAOU 
..- 
PENt 
FRCMCI 
V_ 
v •• 


N 
0 
0 
0 
0 
0 
0 0 0 
N 
v" 
v •• 
WIRI 
NC 
•••• 
HMI 
v •• 
v •• 


P 
0 
0 
0 
0 
0 
0 
0 0 
P 
v •• 
v •• 
AP 
AD•• 
•••• 
TMS 
v •• 
v •• 


Q 
0 
0 
0 
0 
0 
0 
0 0 
Q 
v" 
V_ 
HLDA 
BE1. 
v" 
NC 
v •• 
v •• 
• 
0 
0 
0 
0 
0 
0 
0 0 • 
v" 
v •• 
PCHK. 
sevc 
•••• 
NC 
v •• 
v •• 


• 2. 
Q. 
~ 
•• &l 
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0 
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<i1x,s 
TRSU 
Ne 
IGNNE. 
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0 0 0 
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.- 
BREO 
LOCK. 
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Figure 
4. 273-Pin 
PGA Pinout- 
Top Side View 
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2.1.2. 
PIN CROSS 
REFERENCE 


Table 1.273-Pin PGA 
Pin Cross Reference Table by Pin Name 


Address 


Signal 
Location 
Signal 
Location 
Signal 
Location 
Signal 
Location 
Signal 
Location 


A3 
T17 
A9 
T15 
A15 
T12 
A21 
U21 
A27 
V21 


A4 
W19 
Al0 
U15 
A16 
U12 
A22 
U09 
A28 
V06 


AS 
U18 
All 
T14 
A17 
Tll 
A23 
U20 
A29 
V20 


A6 
U17 
A12 
U14 
A18 
Ull 
A24 
U08 
A30 
W05 


A7 
T16 
A13 
T13 
A19 
Tl0 
A25 
U19 
A31 
V19 


A8 
U16 
A14 
U13 
A20 
Ul0 
A26 
T09 


Data 
, 


Signal 
Location 
Signal 
Location 
Signal 
Location 
Signal 
Location 
Signal 
Location 


00 
003 
013 
004 
026 
Cll 
038 
019 
051 
F18 


01 
E03 
014 
013 
027 
009 
039 
015 
052 
C21 


02 
E04 
015 
005 
028 
011 
040 
014 
053 
G18 


03 
F03 
016 
006 
029 
C09 
041 
819 
054 
E20 


04 
C04 
017 
809 
030 
012 
042 
020 
055 
G19 


05 
G03 
018 
C06 
030 
012 
043 
A20 
056 
H21 


06 
804 
019 
C15 
031 
Cl0 
044 
021 
057 
F20 


07 
G04 
020 
007 
032 
010 
045 
A21 
058 
J18 


08 
F04 
021 
C16 
033 
C17 
046 
E18 
059 
H19 


09 
C12 
022 
C07 
034 
C19 
047 
820 
060 
L19 


010 
C13 
023 
Al0 
035 
017 
048 
821 
061 
K19 


011 
E05 
024 
810 
036 
C18 
049 
F19 
062 
J19 


012 
C14 
025 
C08 
037 
016 
050 
C20 
063 
H18 
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- -- _ .. , .... 
•• ...,v 
ur' 
l,Ub 
IV" 
601 
W6N1T# 
M02 


BEO# 
U04 
DP2 
A9 
KEN# 
J03 
W/R# 
N03 


BE1# 
004 
DP3 
D08 
LOCK# 
V03 


BE2# 
U06 
DP4 
D18 
MlIO# 
A02 


BE3# 
V01 
DP5 
A19 
NA# 
K03 
, 


BE4# 
T06 
DP6 
E19 
NMI 
N19 


BE5# 
S04 
DP7 
E21 
PCD 
W04 


BE6# 
U07 
EADS# 
M03 
PCHK# 
R03 
I 


BE7# 
W01 
EWBE# 
A03 
PEN# 
M18 


BOFF# 
K04 
FERR# 
H03 
PMO/BPO 
D02 


BP2 
B02 
FLUSH# 
U02 
PM1/BP1 
C03 


BP3 
B03 
FRCMC# 
" 
M19 
PRDY 
U03 


B 
DY# 
L04 
HIT# 
W02 
PWT 
S03 


BREO 
V02 
HITM# 
M04 
RESET 
L18 


B- 0' 
TOB 
HLDA 
003 
RlS# 
R18 


BT1' 
W21 
HOLD 
V05 
SCYC 
R04 
I 


6T2' 
T07 
16T' 
T19 
SMI# 
P18 


61"3· 
W20 
IERR# 
CO2 
SMIACT# 
T05 


BUSCHK# 
T03 
IGNNE# 
S20 
TCK 
T04 
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Table 
1. 273·Pin 
PGA Pin Cross 
Reference 
Table 
by Pin Name (Continued) 


Vcc 


A04 
A11 
A16 
E01 
J21 
N21 
021 
U01 
W10 
W15 


A05 
A12 
A17 
F01 
K21 
P01 
R01 
W06 
W11 
W16 


A06 
A13 
A18 
G01 
L21 
P21 
R21 
W07 
W12 
W17 


A07 
A14 
C01 
G21 
M21 
001 
801 
W08 
W13 
W18 


A08 
A15 
D01 
H01 
N01 
018 
T01 
W09 
W14 


Vss 


B05 
B13 
E02 
J01 
L20 
P20 
T02 
V12 
V18 


B06 
B14 
F02 
J20 
M01 
002 
V07 
V13 


B07 
B15 
G02 ~ 
K01 
M20 
020 
V08 
V14 


B08 
B16 
G20 
K02 
N02 
R02 
V09 
V15 


B11 
B17 
H02 
K20 
N20 
R20 
V10 
V16 


B12 
B18 
H2O 
L01 
P02 
802 
V11 
V17 


NC 


L03 
N04 
019 
R19 
819 
T18 


NOTES: 


• 
These signal pins are not supported 
by the 120/133-MHz 
Pentiurn" 
OverDrive- 
processor 
and are Intemal 
No-Connects 
(INC) . 


•• This signal is not supported 
by the 120/133-MHz 
Pentium 
OverDrive 
processor. 
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2.2. 
Pentium@ OverDrive@ Processors 
Quick Pin Reference 


Table 
2. Quick 
Pin Reference 


Symbol 
Type 
Name and Function 


A20M# 
I 
When the address 
bit 20 mask 
pin is asserted, 
Pentium" 
OverDrive~ 
processor 
emulates the address wraparound 
at 1 Mbyte which occurs on the 8086. When 
A20M# is asserted, 
the Pentium OverDrive 
processor 
masks physical 
address 
bit 20 
(A20) before performing 
a lookup to the internal caches or driving a memory cycle on 
the bus. The effect of A20M# is undefined 
in protected 
mode. A20M# must be 
asserted only when the processor 
is in real mode. 


A31-A3 
I/O 
As outputs, the address 
lines of the processor 
along with the byte enables define the 


physical area of memory 
or 1/0 accessed. 
The external system drives the inquire 
address to the processor 
on A31-A3. 


ADS# 
0 
The address 
status 
indicates 
that a new valid bus cycle is currently 
being driven by 
the Pentium OverDrive 
processor. 


ADSC# 
0 
ADSC# is functionally 
identical to ADS#. 


AHOLD 
I 
In response to the assertion 
of address 
hold, 
the Pentium OverDrive 
processor 
will 


stop driving the address 
lines (A31-A3), 
and AP in the next clock. The rest of the bus 


will remain active so data can be retumed 
or driven for previously 
issued bus cycles. 


AP 
1/0 
Address 
parity 
is driven by the Pentium OverDrive 
processor 
with even parity 


information 
on all the Pentium OverDrive 
processor 
generated 
cycles in the same 
clock that the address is driven. Even parity must be driven back to the Pentium 
OverDrive 
processor 
during inquire cycles on this pin in the same clock as EADS# to 
ensure that correct parity check status is indicated 
by the Pentium OverDrive 
processor. 


APCHK# 
0 
The address 
parity 
check 
status pin is asserted two docks 
after EADS# is sampled 
active if the Pentium OverDrive 
processor 
has detected a parity error on the address 
bus during inquire cycles. APCHK# 
will remain active for one clock each time a parity 


error is detected 
(including 
during dual processing 
private snooping). 


I:APICEN] 
~ 
I 
The APIC Is not supported 
by the Pentium OverDrive 
processor. 


~:ICD1 


CO" 
"'" 
'@ 


BE7#-BE5# 
0 
The byte enable 
pins are used to determine 
which bytes must be written to external 
BE4#-BEO# 
1/0 
memory, or which bytes were requested 
by the CPU for the current cycle. The byte 


enables are driven in the same clock as the address lines (A31-3). 


ltlT) 
I 
Bus Frequepcy 
determines 
the bus-to-core 
frequency 
ratio on the Pentium 


lE F1] 
pnilce~o~. 
SF is an,lntemal 
No Connect.o 
e(l 
erDriYe erocessor. 
The 


120/133-MHZ 
Pentlum OverDrive 
proceSso 
ap 
$'fraction s:211 corelbus 


01 
g 
@ 
ratio. 
t;- 


BOFF# 
I 
The backoff 
input is used to abort all outstanding 
bus cycles that have not yet 
completed. 
In response 
to BOFF#, the Pentium OverDrive 
processor 
will float all pins 


normally floated during bus hold in the next clock. The processor 
remains in bus hold 


until BOFF# is negated, 
at which time the Pentium OverDrive 
processor 
restarts the 


aborted bus cycle(s) 
in their entirety. 
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Table 2. Quick 
Pin Reference 
(Continued) 


Symbol 
Type 
Name and Function 


BP[3:2] 
0 
The breakpoint 
pins (BP3·0) correspond 
to the debug registers, 
DR3-DRO. These 


PMlBP[1:0] 
pins extemally 
indicate a breakpoint 
match when the·debug 
registers are programmed 
to test for breakpoint 
matches. 


BP1 and BPO are multiplexed 
with the performance 
monitoring 
pins (PM1 and 
PMO). The PB1 and PBO bits in the Debug Mode Control Register determine 
if the pins 
are configured 
as breakpoint 
or performance 
monitoring 
pins. The pins come out of 
RESET configured 
for performance 
monitoring. 


BRDY# 
I 
The burst 
ready 
input indicates 
that the external system has presented 
valid data on 
the data pins in response 
to a read or that the external system has accepted 
the 
Pentium OverDrive 
processor 
data in response to a write request. This signal is 
sampled 
in the T2, T12 and T2P bus states. 


BRDYC# 
I 
This signal has the same functionality 
as BRDY#. 


BREQ 
0 
The bus request 
output indicates to the external system that the Pentium OverDrive 
processor 
has internally 
generated 
a bus request. This signal is always driven 
whether or not the Pentium OverDrive 
processor 
is driving its bus. 


BUSCHK# 
I 
The bus check 
input allows the system to signal an unsuccessful 
completion 
of a bus 
cycle. If this pin is sampled 
active, the Pentium OverDrive 
processor 
will latch the 
address and control signals in the machine check registers. 
If, in addition, the MCE bit 
in CR4 is set, the Pentium OverDrive 
processor 
will vector to the machine check 
exception. 


CACHE# 
0 
For Pentium OverDrive 
processor-initiated 
cycles the cache 
pin indicates internal 
cacheability 
of the cycle (if a read), and indicates 
a burst writeback 
cycle (if a write). If 
this pin is driven inactive during a read cycle, the Pentium OverDrive 
processor 
will 
not cache the returned data, regardless 
of the state of the KEN# pin. This pin is also 
used to determine 
the cycle length (number of transfers 
in the cycle). 


ClK 
I 
The clock 
input provides the fundamental 
timing for the Pentium OverDrive 
processor. 


The clock frequency 
is the operating 
frequency 
of the Pentium OverDrive 
processor 
external bus and requires TTl 
levels. All external timing parameters 
except TDI, TOO, 
TMS, TRST#, 
and PICDO-1 are specified with respect to the rising edge of ClK. 


CPUTYP 
I 
CPUTYP 
is internally tied to Vss and Is a Internal No-Connect 
(INC) to the package 
pin on the Pentium OverDrive 
processor. 


D/C# 
0 
The data/code 
output is one of the primary bus cycle definition 
pins. It is driven valid 
in the same clock as the ADS# signal is asserted. 
D/C# distinguishes 
between data 
and code or special cycles. 


DIP# 
0 
DIP# Is a Internal No-Connect 
(INC) to the package 
pin on the Pentlum OverDrive 
processor. 


063-00 
1/0 
These are the 64 data lines for the processor. 
Lines 07-00 
define the least significant 
byte of the data bus; lines 063-056 
define the most significant 
byte of the data bus. 


When the CPU is driving the data lines, they are driven during the T2, T12, or T2P 
clocks for that cycle. During reads, the CPU samples 
the data bus when BRDY# is 
retumed. 
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Table 2. Quick 
Pin Reference 
(Continued) 


Symbol 
Type 
Name and Function 


DP7-DPO 
1/0 
These are the data parity 
pins for the processor. 
There is one for each byte of the 
data bus. They are driven by Pentium OverDrive 
processor 
with even parity 
information 
on writes in the same clock as write data. Even parity information 
must be 
driven back to the Pentium OverDrive 
processor 
on these pins in the same clock as 
the data to ensure that the correct parity check status is indicated 
by the Pentium 
OverDrive 
processor. 
DP7 applies to D63-D56, 
DPO applies to D7-DO. 


[DPEN#) 
1/0 
The Pentium OverDrive 
processor 
does not support dual processing. 


PICDO 


EADS# 
I 
This signal indicates that a valid external 
address 
has been driven onto the Pentium 
OverDrive 
processor 
address pins to be used for an inquire cycle. 


EWBE# 
I 
The external 
write 
buffer 
empty 
input, when inactive (high), indicates that a write 
cycie is pending in the external system. When the Pentium OverDrive 
processor 
generates 
a write, and EWBE# is sampled 
inactive, the Pentium OverDrive 
processor 


will hold off all subsequent 
writes to all E- or M-state lines in the data cache until all 


write cycles have completed, 
as indicated 
by EWBE# being active. 


FERR# 
0 
The floating-point 
error 
pin is driven active when an unmasked 
floating-point 
error 


occurs. FERR# is similar to the ERROR# 
pin on the Intel 387 math coprocessor. 


FERR# is included for compatibility 
with systems 
using MS-DOS*-type 
floating-point 
error reporting. 


FLUSH# 
I 
When asserted, 
the cache flush 
input forces the Pentium OverDrive 
processor 
to 
write back all modified lines in the data cache and invalidate 
its intemal caches. A 
Flush Acknowledge 
special cycle will be generated 
by the Pentium OverDrive 
processor 
indicating 
completion 
of the writeback 
and invalidation. 


If FLUSH# is sampled 
low when RESET transitions 
from high to low, tristate test mode 


is entered. 


FRCMC# 
I 
The Pentium OverDrive 
processor 
does not support functional 
redundancy 
checking. 


HIT# 
0 
The hit indication 
is driven to reflect the outcome 
of an inquire cycie. If an inquire 
cycle hits a valid line in either Pentium OverDrive 
processor 
data or instruction 
cache, 


this pin is asserted 
two clocks after EADS# is sampled 
asserted. 
If the inquire cycle 
misses the Pentium OverDrive 
processor 
cache, this pin is negated two clocks after 


EADS#. This pin changes 
its value only as a result of an inquire cycle and retains its 
value between the cycles. 


i-IITM# 
0 
The hit to a modified 
line output is driven to reflect the outcome of an inquire cycle. It 


is asserted after inquire cycies which resulted in a hit to a modified line in the data 
cache. It is used to inhibit another bus master from accessing 
the data until the line is 
completely 
written back. 


HLDA 
0 
The bus hold acknowledge 
pin goes active in response to a hold request driven to 


the processor 
on the HOLD pin. It indicates 
that the Pentium OverDrive 
processor 
has 
floated most of the output pins and relinquished 
the bus to another local bus master. 


When.leaving 
bus hold, HLDA will be driven inactive and Pentium OverDrive 
processor 
will resume driving the bus. If the Pentium OverDrive 
processor 
has a bus 
cycle pending, it will be driven in the same clock that HLDA is de-asserted. 


5-70 
1998 PentiurrfY Processor 
Databook 


Pentium@ OverDrive@ Processor 
for Pentium Processor-Based 
Systems 


Table 2. Quick Pin Reference 
(Continued) 


Symbol 
Type 
Name and Function 
, 


HOLD 
I 
In response to the bus hoid request, 
Pentium OverDrive 
processor 
will float most of 
its output and input/output 
pins and assert HLDA after completing 
all outstanding 
bus 
cycles. The Pentium OverDrive 
processor 
will maintain 
its bus in this state until HOLD 


is de-asserted. 
HOLD is not recognized 
during LOCK cycles. The Pentium OverDrive 


processor 
will recognize 
HOLD during reset. 


IERR# 
0 
The internal error pin is used to indicate 
internal parity errors. If a parity error occurs 


on a read from an internal array, the Pentium OverDrive 
processor 
will assert the 
IERR# pin for one clock and then shutdown. 


IGNNE# 
I 
This is the ignore numeric 
error input. This pin has no effect when the NE bit in CRO 
is set to 1. When the CRO.NE bit is 0, and the IGNNE# pin is asserted, 
the Pentium 
OverDrive 
processor 
will ignore any pending unmasked 
numeric exception 
and 
continue executing 
floating-point 
instructions 
for the entire duration 
that this pin is 
asserted. 
When the CRO.NE bit is 0, IGNNE# is not asserted, 
a pending unmasked 
numeric exception 
exists (SW.ES = 1), and the floating-point 
instruction 
is one of 
FINIT, FCLEX, FSTENV, 
FSAVE, FSTSW, 
FSTCW, 
FENI, FDISI, or FSETPM, 
the 
Pentium OverDrive 
processor 
will execute the instruction 
in spite of the pending 
exception. 
When the CRO.NE bit is 0, IGNNE# is not asserted, 
a pending unmasked 
numeric exception 
exists (SW.ES = 1), and the floating-point 
instruction 
is one other 
than FINIT, FCLEX, FSTENV, 
FSAVE, FSTSW, 
FSTCW, 
FENI, FDISI, or FSETPM, 
the Pentium OverDrive 
processor 
will stop execution 
and wait for an external interrupt. 


INIT 
I 
The Pentium OverDrive 
processor 
initialization 
input pin forces the Pentium 
OverDrive 
processor 
to begin execution 
in a known state. The processor 
state after 
INIT is the same as the state after RESET except that the internal caches, write 
buffers, and floating-point 
registers retain the values they had prior to INIT. INIT may 
NOT be used in lieu of RESET after power up. 


If INIT is sampled high when RESET transitions 
from high to low, the Pentium 
OverDrive 
processor 
will perform built-in self test prior to the start of program 
execution. 


INTR/LlNTO 
I 
An active maskable 
interrupt 
input indicates that an external interrupt has been 
generated. 
If the IF bit in the EFLAGS 
register is set, the Pentium OverDrive 
processor 
will generate 
two locked interrupt acknowledge 
bus cycles and vector to an 
interrupt handler after the current instruction 
execution 
is completed. 
INTR must 
remain active until the first interrupt acknowledge 
cycle is generated 
to assure that the 
interrupt is recognized. 


INV 
I 
The invalidation 
input determines 
the final cache line state (S or I) in case of an 
inquire cycle hit. It is sampled together with the address for the inquire cycle in the 
clock EADS# is sampled 
active. 


KEN# 
I 
The cache enable pin is used to determine 
whether the current cycle is cacheable 
or 
not and is consequently 
used to determine 
cycle length. When the Pentium OverDrive 
processor 
generates 
a cycle that can be cached (CACHE# 
asserted) 
and KEN# is 
active, the cycle will be transformed 
into a burst line fill cycle. 
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Table 2. Quick 
Pin Reference 
(Continued) 


Symbol 
Type 
Name and Function 


OCK# 
0 
The bus lock pin indicates 
that the current bus cycle is locked. The Pentium 
OverDrive 
processor 
will not allow a bus hold when LOCK# is asserted 
(but AHOLD 
and BOFF# are allowed). 
LOCK# goes active in the first clock of the first locked bus 


cycle and goes inactive after the BRDY# is returned for the last locked bus cycle. 
LOCK# is guaranteed 
to be deasserted 
for at least one clock between 
back to back 


locked cycles. 


M/IO# 
0 
The memorylinput-output 
is one of the primary bus cycle definition 
pins. It is driven 
valid in the same clock as the ADS# signal is asserted. 
M/IO# distinguishes 
between 
memory and 1/0 cycles. 


NA# 
I 
An active next address 
input indicates that the external memory 
system is ready to 


accept a new bus cycle although all data transfers 
for the current cycle have not yet 


completed. 
The Pentium OverDrive 
processor 
will issue ADS# for a pending cycle two 


clocks after NA# is asserted. 
The Pentium OverDrive 
processor 
supports 
up to 2 
outstanding 
bus cycles. 


NMIILINT1 
I 
The non-maskable 
interrupt 
request signal indicates that an external non-maskable 


interrupt has been generated. 


paGNT# * 
',yo 
ih~~~ienti,Mm Ove.r!?rlve processor 
does nglsupport,dua/processing. 


PCD 
0 
The page cache 
disable 
pin reflects the state of the PCD bit in CR3, the Page 
Directory 
Entry, or the Page Table Entry. The purpose of PCD is to provide an 


external cacheability 
indication 
on a page by page basis. 


PCHK# 
0 
The parity 
check 
output indicates the result of a parity check on a data read. It is 


driven with parity status two clocks after BRDY# is returned. 
PCHK# remains low one 
clock for each clock in which a parity error was detected. 
Parity is checked 
only for 


the bytes on which valid data is returned. 


PEN# 
I 
The parity 
enable 
input (along with CR4.MCE) 
determines 
whether a machine check 


exception will be taken as a result of a data parity error on a read cycle. If this pin is 
sampled 
active in the clock a data parity error is detected, 
the Pentium OverDrive 
processor 
will latch the address and control signals of the cycle with the parity error in 
the machine check registers. 
If, in addition, the machine 
check enable bit in CR4 is set 


to "1", the Pentium OverDrive 
processor 
will vector to the machine 
check exception 


before the beginning 
of the next instruction. 


PHIT# 
)/0 
" 
!he 
Pentium OverDrive 
processor 
does not support dual ,processing.' 


PH!.!M# 
;VO".,' 
JJ1e,..~~nti~rn OverDrive 
processor 
does not support duaiproc~ssll)g. 


o. 


PICCLK 
I 
The ~entium 
OverDrive 
processor 
does not support du.al processing. 


PICDO-1 
1/0 
The Rentium OverDrive 
processor 
does not support dual processing. 
[OPEN#j 


/£i5 
.,';>'" .<:: 
~} 
.•; 


[APICEN} 
nw 


PBREQ# 
1/0 
" 
The Pentium OverDrive 
processor 
does not support 
dual processing. 
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Symbol 
Type 
Name and Function 
. 


PM/BP[1:0] 
0 
These pins function as part of the performance 
monitoring 
feature. 


The breakpoint 
1-0 pins are rnulnplexed with the performance 
monitoring 
1-0 pins. 


The PB1 and PBO bits in the Debug Mode Control Register determine 
if the pins are 
configured 
as breakpoint 
or performance 
monitoring 
pins. The pins come out of 
RESET configured 
for performance 
monitoring. 


PRDY 
0 
The probe 
ready 
output pin indicates that the processor 
has stopped normal 
execution 
in response to the R/S# pin going active, or Probe Mode being entered. 


PWT 
0 
The page write 
through 
pin reflects the state of the PWT bit in CR3, the Page 
Directory 
Entry, or the Page Table Entry. The PWT pin is used to provide an extemal 
write back indication 
on a page by page basis. 


RlS# 
I 
The run/stop 
input is an asynchronous, 
edge sensitive 
interrupt used to stop the 
normal execution 
of the processor 
and place it into an idle state. A high to low 
transition 
on the RlS# pin will interrupt the processor 
and cause it to stop execution 
at 


the next instruction 
boundary. 


RESET 
I 
RESET forces the Pentiurri OverDrive 
processor 
to begin execution 
at a known state. 


All Pentium OverDrive 
processor 
internal caches will be invalidated 
upon the RESET. 


Modified lines in the data cache are not written back. FLUSH#, 
and INIT are sampled 
when RESET transitions 
from high to low to determine 
if tristate test mode mode will 
be entered', or if BIST will be run. 


SCYC 
0 
The split 
cycle 
output is asserted during misaligned 
LOCKed 
transfers to indicate that 


more than two cycles will be locked together. 
This signal is defined for locked cycles 
only. It is undefined 
for cycles which are not locked. 


SMI# 
I 
The system 
management 
interrupt 
causes a system management 
interrupt 
request 
to be latched internally. 
When the latched SMI# is recognized 
on an instruction 
boundary, 
ihe processor 
enters System Management 
Mode. 


SMIACT# 
0 
An active system 
management 
interrupt 
active 
output indicates that the processor 
is operating 
in System Management 
Mode (SMM). 


TCK 
I 
The testability 
clock 
input provides the clocking function for the Pentium OverDrive 
processor 
boundary 
scan in accordance 
with the IEEE Boundary 
Scan interface 
(Standard 
1149.1). It is used to clock state information 
and data into and out of the 
Pentium OverDrive 
processor 
during boundary 
scan. 


TOI 
I 
The test data Input 
is a serial input for the test logic. TAP instructions 
and data are 
shifted into the Pentium OverDrive 
processor 
on the TDI pin on the rising edge of TCK 
when the TAP controller 
is in an appropriate 
state. 


Table 2. Quick 
Pin Reference 
(Continued) 
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Table 2. Quick 
Pin Reference 
(Continued) 


The writebacklwritethrough 
input allows a data cache line to be defined as 
writeback 
or writethrough 
on a line by line basis. As a result, it determines 
whether a 
cache line is initially in the S or E state in the data cache. 


Symbol 
Type 


TDO 
0 


TMS 


·-RST# 


"cc 


"ss 


IV/R# 
0 


- 
WBIWT# 


The test data output 
is a serial output of the test logic. TAP instructions 
and data are 
shifted out of Pentium OverDrive 
processor 
on the TDO pin on TCK's failing edge 
when the TAP controller 
is in an appropriate 
state. 


Name and Function 


The value of the test mode select 
input signal sampled at the rising edge of TCK 
controls the sequence 
of TAP controller 
state changes. 


When asserted, 
the test reset input allows the TAP controller 
to be asynchronously 
initialized. 


The 120/133-MHz 
Pentium OverDrive 
processor 
has 52 5V power 
inputs. 


The 120/133-MHz 
Pentium OverDrive 
processor 
has 49 ground 
inputs. 


Write/read 
is one of the primary bus cycle definition 
pins. It is driven valid in the same 
cloak as the ADS# signal is asserted. 
W/R# distinguishes 
between write and read 
cycles. 
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2.3. 
PentiumcP>OverDrivecP>Processor 
Pin Descriptions 


2.3.1. 
INPUT PINS 


Table 3. Input Pins 


Active 
Synchronous! 
Internal 


- 


Name 
Level 
Asynchronous 
Resistor 
Qualified 


A20M# 
Low 
Asynchronous 
- 


AHOLO 
High 
Synchronous 


BOFF# 
Low 
Synchronous 


BROY# 
Low 
Synchronous 
Bus State T2,T12,T2P 


BROYC# 
Low 
Synchronous 
Pullup 
Bus State T2,T12,T2P 
. 


BUSCHK# 
Low 
Synchronous 
Pullup 
BROY# 


CLK 
n/a 


EAOS# 
Low 
Synchronous 


EWBE# 
Low 
Synchronous 
BROY# 


FLUSH# 
Low 
Asynchronous 


HOLD 
High 
Synchronous 


IGNNE# 
Low 
Asynchronous 


INIT 
High 
Asynchronous 


INTR 
High 
Asynchronous 


INV 
High 
Synchronous 
EAOS# 


KEN# 
Low 
Synchronous 
First BROY#INA# 


NA# 
Low 
Synchronous 
Bus State T2,TO,T2P 


NMI 
High 
Asynchronous 


PEN# 
Low 
Synchronous 
BROY# 


R/S# 
nla 
Asynchronous 
Pullup 


RESET 
High 
Asynchronous 


SMI# 
Low 
Asynchronous 
Pull up 


STPCLK# 
Low 
Asynchronous 
Pullup 


TCK 
n/a 
Pullup 


TOI 
nla 
Synchronous/TCK 
Pullup 
TCK 


TMS 
n/a 
Synchronous/TCK 
Pullup 
TCK 
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Table 3. Input Pins (Continued) 


Active 
Synchronous! 
Internal 
Name 
Level 
Asynchronous 
Resistor 
. Qualified 


TRST# 
Low 
Asynchronous 
Pullup 


WBIWT# 
nla 
Synchronous 
First BRDY#/NA# 


OTE: 
~ighlight6d signals are original Pentiuma' processor 751901100 MHz signals and are not supportedW 
tfi/il Pentium OVei1)rive~ 


1~!l§Q.!$~ 
••••••__ •••••• 
.- 
••••_.-_. 
""",,_...IilJm __ 
"""'''''','Iii~i,"__ 
•.•••.•.•.•• 
..4 
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2.3.2. 
OUTPUT 
PINS 


Table 4. Output 
Pins 


Name 
.r 
Active 
Level 
When 
Floated 


AOS# 
Low 
Bus Hold, BOFF# 


AOSC# 
Low 
Bus Hold, BOFF# 


APCHK# 
Low 


BE7#·BE5# 
Low 
Bus Hold, BOFF# 


BREQ 
High 


·Gl 
@ 
, 
, 


" 
*" 
l~i 
BT3·BTO 
, 
n/a 


CACHE# 
Low 
Bus Hold, BOFF# 


OJPIt 


IT 
$; 
n/a 


> 
w; ...» 
0i 


FERR# 
Low 


HIT# 
Low 


HITM# 
Low 


HLOA 
High 


IBT 
,,~. 
ill 
.:a 
.;W; 
w 
n/a 
<llb.; 


IERR# 
Low 


IU 
® 
n/a 


" 


IV 
)0 
if; 
'&1 
n/a 
a 
, 


LOCK# 
Low 
Bus Hold, BOFF# 


MIIO# , O/C# , W/R# 
n/a 
Bus Hold, BOFF# 


PCHK# 
Low 


BP3-2, PM1/BP1, 
PMO/BPO 
High 


PROY 
High 


PWT, PCO 
High 
Bus Hold, BOFF# 


SCYC 
High· 
Bus Hold, BOFF# 


SMIACT# 
Low 


TOO 
n/a 
All states except Shift-OR and Shift-IR 


NOTES: 


All output pins are floated 
during tristate 
test mode (except 
TOO). 
Si[nalyre 
odQ!na!.J~en!l.Y.iii!mocessor 
si~ai\~.hre.I)Qt 
used.....:.,··b' -y~tfui-e..E.!-'" 
entl!!O'! Qy!!iD.J:OCf:l! RfQ!;!3§$Qrsi.._. 
.__ 
J 
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2.3.3. 
INPUT/OUTPUT 
PINS 


Table 5. Input/Output 
Pins 


Active 
When 
Qualified 
Name 
Level 
Floated 
(When an Input) 


IA31-A3 
n/a 
Address 
hold, Bus Hold, BOFF# 
EAOS# 


AP 
n/a 
Address 
hold, Bus Hold, BOFF# 
EAOS# 


BE4#-BEO# 
Low 
Bus Hold, BOFF# 
RESET 


063-00 
n/a 
Bus Hold, BOFF# 
BROY# 


Internal 
Resistor 


Pulldown 


NOTES: 


All input/output 
pins are floated 
during tristate 
test. 


!Signal} 
a(!LQtiginpl:R~tiu 
.•e P!'QCItS$l~slgna{s 
<\r:l!:lar{fJlotus8dbYJj)e.RenliufJ1QV~erri'D~. 
OYiie~::ppj'£PCi). 
c:i.{fSiS..$i$Q)ii.J'S~:.:::;=====::l 


Table 6. Interprocessor 
I/O Pins 


Name 
Active Level 
Internal Resistor 
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.2.3.4. 
PIN GROUPING 
ACCORDING 
TO FUNCTION 


Table 7 organizes 
the pins with respect to their function. 


Table 7. Pin Functional 
Grouping 


Function 
Pins 


Clock 
ClK 


Initialization 
RESET,INIT 


Address 
Bus 
A31-A3, 
BE7# • BEO# 


Address 
Mask 
_. 
CJ 
A20M# 


Data Bus 
D63·DO 


Address 
Parity 
AP, APCHK# 
:..; 


Data Parity 
I 
co, 
, 
DP7·DPO, PCHK#, 
PEN# 


Internal Parity Error 
( 
IERR# 
. 


System 
Error 
.t , 
- 
BUSCHK# 


Bus Cycle Definition 
M/IO#, 
D/C#, 
W/R#, 
CACHE#, 
SCYC, lOCK# 


Bus Control 
c_ 
ADS#, ADSC#, 
BRDY#, 
BRDYC#, 
NA# 


Page Cacheability 
PCD, PWT 


Cache Control 
KEN#, WBIWT# 


Cache Snooping/Consistency 
AHOlD, 
EADS#, HIT#, HITM#, INV 


Cache Flush 
FlUSH# 
, 
\ 


Write Ordering 
EWBE# 


Bus Arbitration 


.. 


BOFF#,B~EQ,HOlD,HlDA 


Interrupts 
INTR, NMI 


Floatlnq-Polnt 
Error Reporting 
FERR#, IGNNE# 


System Management 
Mode 
SMI#, SMIACT# 


TAP Port 
-. 
TCK, TMS, TOI, TDO, TRST# 


• 


Breakpoint/Performance 
Monitoring 
PMOIBPO, PM1/BP1, 
BP3·2 


Clock Control 
STPClK# 


Probe Mode 
RIS#, PRDY 
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3.1. 
Coreto Bus Ratiofor Higher 
Speed 


The 
Pentium 
OverDrive 
processors 
incorporate 
an 
internal 
Phase Lock Loop (PLL) and clock 
multiplier 
to generate 
the higher 
intemal 
speeds. 
This 
allows 
the 
intemal 
processor 
core 
to 
operate 
at 
higher 
frequencies 
than the external bus. 


On the 120/133-MHz 
Pentium 
OverDrive 
processor, 


the core/bus 
ratio will be preset to 2/1. 


Table 9. Core/Bus 
Frequency 
on the 
Pentlum" 
OverDrive- 
Processor 


Pentlume 
OverDrive- 
Processor 
Internal 
Bus 
Replaces 
Speed 
Speed 
(Core/Bus) 


120·MHz 
60·MHz 
60·MHz 


133-MHz 
66·MHz 
66·MHz 


rIUI.i~::O::;UI IIIIUi:lII"i:luan 


3.2.1. 
POWER 
UP SPECIFICATION 


The Pentium 
OverDrive 
processors 
will boot like the 


respective 
original 
Pentium 
processors. 
If 
the 
Pentium 
OverDrive 
processor 
is 
installed 
in 
a 
second 
socket 
of dual socket 
system 
the primary 


CPU 
must 
be 
removed 
or 
the 
system 
will 
not 
boot 
properly. 


3.2.2. 
TEST AND CONFIGURATION 
FEATURES 
(BIST, 
FRC, TRISTATE 
TEST MODE) 


The Pentium OverDrive 
processors 
execute 
the Built 
In Self Test (BIST) and Tristate 
rest 
Mode same as 


the respective 
original 
Pentium processor. 
Functional 


Redundancy 
Checking 
is not supported. 


3.2.3. 
INITIALIZATION 
WITH RESET, INIT 
AND BIST 


The 
Pentium 
OverDrive 
processors 
handling 
of 


RESET, 
INIT, and the Built In Self Test (BIST) is the 
same 
as 
the 
original 
Pentium 
processors. 
The 


register 
states 
after 
RESET, 
INIT, 
and 
BIST 
are 


same as the original Pentium 
processors. 
For further 


information 
refer to Section 8.0. in this datasheet. 
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Table 
10. EAX Bit Values 
Definition 
for CPUID 


CPU 
v r: 
I 
31 ...14 
13...12 
11...8 
7...4 
3...0 


Field Definition 
(reserved) 
type 
family 
model 
stepping 


Pentium(!l) Processor 
(60, 66·MHz) and 
(reserved) 
Table 11 
5H 
1H 
Ato 
F 
120/133-Mhz 
Pentium OverDrive~ 
Processor 


Table 
11. EAX Bit Values 
Definition 
for Processor 
Type 


Bit 13 
Bit 12 
Processor 
Type 


0 
0 
Primary Pennum" 
Processor 
I 


0 
0 
120/133·MHz 
Pentium OverDrive~ 
Processor 


0 
1 
Future Pentium OverDrive 
Processor 


1 
0 
Dual Pentium 
Processor' 


1 
1 
Reserved 
< 


NOTE: 


• Pent urn" OverDrive- 
processor 
s do not support 
Dual Processing 
mode. 


3.3. 
CPUID 


The C:PUID instruction 
allows 
software 
to determine 
the type and features 
of the microprocessor. 
When 
executing 
the 
CPUID 
instruction 
the 
Pentium 
OverDrive 
processors 
behaves 
like 
the 
original 
PentiL m processors: 


- 
If the value in EAX is '0' then the 12-byte ASCII 
string "Genuinelntel" 
(little endian) 
is returned 
in 
EElX, EDX, and ECX. Also, 
a '1' is retumed 
in 
E}\X. 


- 
If the value 
in EAX 
is '1' then 
the 
processor 
ve sion 
is returned 
in EAX 
and 
the 
processor 
capabilities 
are retumed 
in EDX. The values 
of 
EAX 
and 
EDX 
for 
the 
Pentium 
OverDrive 
processors 
are given below. 


- 
If Ihe 
value 
in EAX 
is neither 
'0' 
nor 
'1', 
the 
Pentium 
OverDrive 
processors 
writes 
'0' to all 
registers or is undefined. 


The following 
EAX and EDX values 
are defined 
for 
the CPUID instruction 
executed 
with EAX = '1'. 
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The 
stepping 
fields 
has 
the 
same 
format 
as 
the 
original 
Pentium processor's 
and will be the same for 
the 
Pentium 
OverDrive 
processors. 
The 
120/133- 
MHz 
Pentium 
OverDrive 
processor 
will 
have 
the 
same 
CPUID 
as 
the 
original 
Pentium 
processor 
051 xH. The type field is defined in Table 11. 


3.4. 
On-Package 
FanlHeatsink 


The 
on-package 
fanlheatsink 
included 
with 
the 
Pentium 
OverDrive 
processors 
requires 
different 
stress 
ratings 
than the original 
Pentium 
processor. 


The 
fan 
is 
a 
detachable 
unit, 
and 
the 
storage 
temperature 
is 
stated 
separately 
in 
Table 13. 


Operation 
of the 
Pentium 
OverDrive 
processor 
is 
defined 
at T. = O°C to 45°C. 
The 
fanlheatsink 
is 
shown in Figure 6. 


3.5. 
On-Package 
Voltage 
RegUlator 


The 120/133-MHz 
Pentium OverDrive 
processor 
has 
an on-package 
voltage 
regulator 
that converts 
the 5 
volts 
from the system 
baseboard 
into the 3.3 voits 
required by the core. 
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Figure 6. Pentium- OverDrive- Processor with FanlHeatsink 


3.6. 
CacheSupport 


.The Pentium OverDrive processors have the same 
intergrated 
caches 
as 
their 
respective 
original 
Pentium processor; 8K-byte data cache and 8K byte 
code cache. The 120/133-MHz Pentium OverDrive 
processor supports the Intel 82430 PCI chip set but 
does not support the 82496 cache controller and 
82491 cache SRAM chip set. 


3.7. 
110 Buffers 


The Pentium OverDrive processor buffer models 
comply with the specificationsfor the buffer model for 
the respective original Pentium processor. The circuit 
topology is the same and the ranges of values in the 
Pentium OverDrive processor model are within the 
original 
Pentium 
processor 
ranges. 
The 
buffer 


models used by the Pentium OverDrive processors 
accurately model flight time and signal quality. 


3.8. 
Test Re~isterAccess on the 
Pentium OverDrive· Processor 


The 
Pentium 
OverDrive 
processors 
have 
test 


registers which allow testing of different areas of the 
processor. These test registers are called Model 
Specific 
Registers 
(MSR). 
These 
MSR's 
are 


accessed 
using 
the 
RDMSR 
and 
WRMSR. 


instructions. This is true for both Pentium OverDrive 
processors. The 120/133-MHz Pentium OverDrive 
processor uses special bus cycles for execution 
tracing and does not have pins IU, IV, and IBT used 
by the original Pentium processor. 


4.0 
BIOSAND SOFTWARE 


The 
Pentium OverDrive 
processors 
are 
drop-in 


replacements for the respective original Pentium 
processor. 
BIOS 
changes 
are 
not 
normally 


necessary but might be required. Please call Intel 
Technical Support hotline if assistance is required. 
The 
Pentium 
OverDrive 
processors 
are 
100% 


backward software compatible with their respective 
original Pentium processors. 


5.0 
ELECTRICALSPECIFICATIONS 


This section describes the electrical differences 
between the Pentium OverDrive processors and their 
respective original Pentium processor 


5.1. 
Power and Ground 


For proper intemal on-chip power distribution, the 
120/133-MHz Pentium OverDrive processor in the 
PGA package has 52 vcc 
(power) and 49 Vss 


(ground) inputs. Power and ground connections must 
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be made to all extemal vcc and Vss pins of the 
120/133-MHz Pentium OverDrive processor. On the 
circuit board all Vcc pins must be connected to a SV 
Vcc plane. The 120/133-MHz Pentium OverDrive 
processor has an on-package voltage regulator that 
converts the SV input voltage to 3.3V for the core. 


5.2. 
Pentlum" OverDrive· Processor 
Decoupling Recommendations 


Decoupling recommendationfor the original Pentium 
processor apply to the Pentium OverDrive processor 
upgradable systems and capacitors should be placed 
near the Pentium OverDrive processor. The Pentium 
OverDrive processors can cause transient power 
surges, particularly when driving large capacitive . 
loads. 
The 
Pentium OverDrive 
processors 
are 
shipped with adequate decoupling capacitors on the 
package to limit transients in excess of Pentium 
processors tolerance. It is recommended to follow 
the 
original Pentium processor 
specification for 
decoupling recommendations. 


5.4.1. 
120/133-MHZ Pentlum- OverDrive- PROCESSOR 


5.3. 
Other Connection 
Recommendations 


For reliable operation, always connect unused inputs 
to an appropriate signal level. Unused active low 
inputs should be connected to vcc. Unused active 
high inputs should be connected to ground. All NC 
pins must remain unconnected. 


5.4. 
Absolute Maximum Ratings 


Tables in this section provides environmental stress 
ratings for 
the 
Pentium 
OverDrive 
processors. 


Functional operation at the absolute maximum and 
minimum is not implied or ,guaranteed. Extended 
exposure to maximum ratings may affect device 
reliability. Furthermore, precautions should be taken 
to avoid high static voltages and electric fields to 
prevent 
static 
electric 
discharge. 
Stressing 
the 
device beyond the "Absolute Maximum Ratings" may 
cause permanent damage. The tables contain stress 
ratings 
only. 
Operation 
beyond 
the 
"Operating 
Conditions" is 
not 
recommended and 
extended 
exposure beyond the "Operating Conditions" may 
effect device reliability. 


Table 12. Absolute Maximum Rating without Fan/Heatslnk 


Storage temperature 
-40°C to 12SoC 
. 


Case temperature under bias 
-40°C to 110°C 


Voltage on any pin with respect to ground 
-o.s V to vcc + O.S(V) 


Supply voltage with respect to Vss 
-O.SVto +6.SV 


SV Safe Buffer DC Input Voltage 
-O.SVto 6.SV (1) 


NOTE: 


1. 
See overshooVundershoot 
transient 
specification 
in the Pentium* 
Family 
User's Manual, 
Volume 
1. 


Table 13. Absolute Maximum Ratings for Fan/Heatslnk Only 


Parameter 
Mln 
Max 
Unit 
Notes 


Fan: 


StorageTemperature 
-30 
7S 
°C 


Case Temperature Under Bias 
0 
70 
°C 


Vccs 
SV Fan Supply Voltage with Respect to Vss 
-O.S 
6.S 
V 
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5.5. 
D.e. Specifications 


5.5.1. 
120/133-MHZ 
Pentlum" 
OverDrive- 
PROCESSOR 
D.C. SPECIFICATIONS 


Table 14 lists the D.C. specifications 
associated 
with the 120/133·MHz 
Pentium OverDrive 
processor. 


Table 
14. 120/133-MHz 
Pentiume 
OverDrive· 
Processor 
D.C. Specifications 


Vcc = See Notes 
(9), (10); TA = 0 to 45°C 
,.' 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


Vll 
Input Low Voltage 
J 
·0.3 
+0.8 
V 
TTL Level 
c 
.: 


VIH 
Input High Voltage 
I' 
2.0 
Vcc+0.3 
V 
TTL Level 
I 
.' 
f 


VOl 
Output Low Voltage 
0.45 
V 
TTL Level 
(1) 
t 


VOH 
Output High Voltage 
2.4 
V 
TTL Level 
(2) 


lee 
Power Supply Current 
3200 
mA 
66 MHz, (6), (7) 
2900 
mA 
60 MHz, (6), (8) 


III 
Input Leakage Current 
±15 
uA 
05 VIN5 vcc . (3) 
I 


ILO 
Output Leakage Current 
±15 
uA 
05 VOUT5 Vcc Tristate 
, (3) 


III 
Input Leakage Current 
-400 
uA 
VIN= 0.45V, 
(4) 


'IH 
Input Leakage Current 
200 
uA 
VIN = 2.4V, 
(5) 


CIN 
Input Capacitance 
15 
pF 


Co 
Output Capacitance 
20 
pF 


Cvo 
I/O Capacitance 
25 
pF 
i 
-, 


CClK 
CLK Input Capacitance 
I 
8 
pF 
" 


CrlN 
Test Input Capacitance 
15 
pf 
\ 


Crour 
Test Output Capacitance 
20 
pf 


! 


CrcK 
Test Clock Capacitance. 
8 
pf 
. 
) 
- 


NOTES: 


1. 
Parameter 
measured 
at 4 mA load. 
2. 
Parameter 
measured 
at 3 mA load. 
3. 
This parameter 
is for input without 
pullup or pulldown. 


4. 
This parameter 
is for input with pullup. 
5. 
This parameter 
is for input with pulldown. 
6. 
Worst case average 
lee for a mix of test pattems. 


7. 
(16 W max.) Typical 
Pentiurn" 
processor 
supply current 
is 2600 mA (13 W) at 66 MHz BUS. 


8. 
(14.6 W max.) Typical 
Pentium 
processor 
supply current 
is 2370 mA (11.9 W) at 60 MHz BUS. 


9. 
Vcc = 5V ± 5% at 60 MHz. 


10. 
VCC = 4.90V to 5.40V at 66 MHz. 
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5.6. 
A.C.Specifications 
exception 
of those for the TAP signals) 
are relative to 
the rising edge of the ClK 
input. 


5.6.1. 
120/133-MHZ 
Pentium- 
OverDrive- 
PROCESSOR 
A.C. SPECIFICATIONS 
All timings are referenced 
to 1.5 volts for both "0" and 


"1" logic levels unless otherwise 
specified. 
Within the 
sampling 
window, 
a 
synchronous 
input 
must 
be 
stable for correct processor 
operation. 
5.6.1.1. 
A.C. Tables 
for a 60-MHz Bus 


The 
60-MHz 
and 
66-MHz 
Bus 
A.C. 
specifications 
given 
in Table 15 and 
Table 16 consist 
of 
output 
delays, 
input 
setup 
requirements, 
and 
input 
hold 


requirements. 
All 
A.C. 
specifications 
(with 
the 


Care 
should 
be taken 
to read all notes 
associated 
with 
a particular 
timing 
parameter. 
In addition, 
the 
following 
list of notes apply to the timing specification 
tables in general and are not associated 
with anyone 
timing: 2, 5, 6, and 14. 


Table 
15. 120/133·MHz 
Pentlum" 
OverDrive- 
Processor 
(60-MHz 
Bus) A.C. Specifications 


Vcc = 5V :t 5%; TA = 0 to 45°C; CL = 0 pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


Frequency 
33.33 
60 
MHz 
MAX. CORE FREO=120 
MHz @ 1/2 


t, 
ClK 
Period 
16.67 
nS 
7 


t1a 
ClK 
Period Stability 
:t250 
pS 
(18).(19).(20).(21) 


t2 
ClK 
High Time 
i 
4 
nS 
7 
@2V,(l) 


t3 
ClK 
low Time 
4 
nS 
7 
@0.8V,(l) 


t4 
ClK 
Fall Time 
0.15 
1.5 
nS 
7 
(2.0V-0.8V), 
(1) 


ts 
ClK 
Rise Time 
0.15 
1.5 
nS 
7 
(0.8V-2.0V), 
(1) 


Is 
ADS#, A3-A31, 
PWT, PCD, BEO-7#, 
1.5 
9.0 
nS 
8 
MIIO#, D/C#, W/R#, CACHE#, 
SCYC, 


lOCK# 
Valid Delay 


tea 
AP Valid Delay 
., 


1.5 
10.5 
nS 
8 


t7 
ADS#, AP, A3-A31, 
PWT, PCD, BEO-7#, 
11 
nS 
9 
(1) 


MIIO#, D/C#, W/R#, CACHE#, 
SCYC, 
lOCK# 
Float Delay 


t8 
PCHK#, APCHK#, 
IERR#, FERR# Valid 
1.5 
9.3 
nS 
8 
(4) 


Delay 


ts 
BREO, HlDA, 
SMIACT# 
Valid Delay 
1.5 
9.0 
nS 
8 
(4) 


tlO 
HIT#, HITM# Valid Delay 
. 
1.5 
9.0 
nS 
8 


tll 
PMO-1, BPO-3 Valid Delay 
1.5 
11 
nS 
8 


t11a 
PRDY Valid Delay 
1.5 
9.0 
nS 
8 


t12 
DO-D63,DPO-7 Write Data Valid Delay 
1.5 
10 
nS 
8 


t13 
DO-D63,DPO-7 Write Data Float Delay 
11 
nS 
9 
(1) 
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Table 
15. 120/133-MHz 
Pentium- 
OverDrive- 
Processor 
(60-MHz 
Bus) A.C. Specifications 
(Continued) 


Vcc= 
5V:t 
5%; TA = 0 to 45°C; CL = 0 pF 


Symbol 
Parameter 
Mln 
Max 
Unit 
Figure 
Notes 


t14 
A5-A31 Setup Time 
7 
nS 
10 


t15 
A5-A31 Hold Time 
1.5 
nS 
10 


t16 
EADS#, INV, AP Setup Time 
5.5 
nS 
10 


t17 
EADS#, INV, AP Hold Time 
1.5 
nS 
10 


t18 
KEN#, WBIWT# 
Setup Time 
5.5 
nS 
10 


t18a 
NA# Setup Time 
5.0 
nS 
10 


" 


t19 
KEN#, WBIWT#, 
NA# Hold Time 
1.5 
nS 
10 
- 


t20 
BRDY# Setup Time 
'. 
5.5 
nS 
10 


t21 
BRDY# Hold Time 
1.5 
nS 
10 


t22 
AHOlD, 
BOFF# Setup Time 
6 
nS 
10 


t23 
AHOlD, 
BOFF# Hold Time 
1.5 
nS 
10 


t24 
BUSCHK#, 
EWBE#, 
HOLD, PEN# Setup 
5.5 
nS 
10 
Time 


t25 
BUSCHK#, 
EWBE#, 
HOLD, PEN# Hold 
1.5 
nS 
10 
Time 


t26 
A20M#, 
INTR, Setup Time 
5.5 
nS 
10 
(12),(16) 


'" 


t27 
A20M#,INTR, 
Hold Time, 
1.5 
nS 
10 
(13) 


t2B 
INIT, FLUSH#, 
NMI, SMI#, IGNNE# 
5.5 
nS 
10 
(16),(17) 


Setup Time 


t29 
INIT, FlUSH#, 
NMI, SMI#, IGNNE# 
Hold 
1.5 
'ns 
10 
Time 


t30 
INIT, FlUSH#, 
NMI, SMI#, IGNNE# 
2 
ClKs 
(15),(17) 
Pulse Width, Async 


t31 
R/S# Setup Time 
I 
5.5 
nS 
10 
(12),(16),(17) 


t32 
R/S# Hold Time 
1.5 
nS 
10 
(13) 


t33 
R/S# Pulse Width, Async. 
2 
ClKs 
(15),(17) 


t34 
DO-D63 Read Data Setup Time 
4.3 
nS 
10 


t34a 
DPO-7 Read Data Setup Time 
4.3 
nS 
10 


t35 
DO-D63, DPO-7 Read Data Hold Time 
2 
nS 
10 


t36 
RESET Setup Time 
5.5 
nS 
11 
(11),(12),(16) 


t37 
RESET Hold Time 
1.5 
nS 
11 
(11),(13) 
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Table 
15. 120/133-MHz 
Pentium- 
OverDrive- 
Processor 
(60-MHz 
Bus) A.C. Specifications 
(Continued) 


vcc = 5V ± 5%; TA = 0 to 45°C; CL = 0 pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


t38 
RESET Pulse Width, vcc & ClK 
Stable 
15 
ClKs 
11 
(11) 


t39 
RESET Active After Vcc & ClK 
Stable 
1 
mS 
11 
power up, (11) 


t40 
Reset Configuration 
Signals (INIT, 
5.5 
nS 
11 
(12).(16).(17) 


FlUSH#) 
Setup Time 


t41 
Reset Configuration 
Signals (INIT, 
1.5 
nS 
11 
(13) 


FlUSH#) 
Hold Time 


t42 
Reset Configuration 
Signals (INIT, 
2 
ClKs 
11 
(16) 


FlUSH#) 
Setup Time, Async. 


t43 
Reset Configuration 
Signals (INIT, 
2 
ClKs 
11 
FlUSH#) 
Hold Time, Async. 


t44 
TCK Frequency 
- 
16 
MHz 


t45 
TCK Period 
62.5 
nS 
7 
. 


I 


t46 
TCK High Time 
25 
nS 
7 
@2V,(1) 


t47 
TCK low Time 
! 
25 
nS 
7 
@0.8V,(1) 


t48 
TCK Fall Time 
5 
nS 
7 
(2.0V-0.8V), 
(1), (8),(9) 


t49 
TCK Rise Time 
5 
nS 
7 
(0.8V-2.0V), 
(1),(8), (9) 


t50 
TRST# 
Pulse Width 
40 
nS 
13 
(1),Async 


t51 
TDI, TMS Setup Time 
5 
nS 
12 
(7) 


t52 
TDI, TMS Hold Time 
13 
nS 
12 
(7) 
! 


t53 
TDO Valid Delay 
3 
20 
nS 
12 
(8) 


t54 
TDO Float Delay 
25 
nS 
12 
(1), (8) 


t55 
All Non-Test Outputs Valid Delay 
3 
20 
nS 
12 
(3).(8).(10) 


t56 
All Non-Test 
Outputs Float Delay 
25 
nS 
12 
(1).(3).(8),(10) 


t57 
All Non-Test 
Inputs Setup Time 
5 
nS 
12 
(3).(7),(10) 


t58 
All Non-Test 
Inputs Hold Time 
13 
nS 
12 
(3),(7).(10) 
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5.6.1.2. 
A.C. Tables 
for a 66-MHz 
Bus 


Table 16. 120/133-MHz 
Pentlurn" 
OverDrive- 
Processor 
(66-MHz 
Bus) A.C. Specifications 


Vcc = 4.90V to 5.40V; TA = 0 to 45°C; CL = 0 pF 


Symbol 
Parameter 
Mln 
Max 
Unit 
Figure 
Notes 


Frequency 
33.33 
66.66 
MHz 
MAX. CORE FREQ= 
133 MHz @ 1/2 


tl 
ClK 
Period 
15 
nS 
9 


t1a 
ClK 
Period Stability 
±250 
pS 
(lB). (19).(20).(21) 


t2 
ClK 
High Time 
4 
nS 
9 
@2V,(1) 


t3 
ClK 
low Time 
i 
4 
nS 
9 
@0.8V,(1) 


t4 
ClK 
Fall Time 
0.15 
1.5 
nS 
9 
(2.0V-0.8V), 
(1) 


t5 
ClK 
Rise Time 
0.15 
1.5 
nS 
9 
(0.8V-2.0V), 
(1) 


16 
ADS#, A3-A31, 
PWT, PCD, BEO-?#, 
1.5 
8.0 
nS 
10 
M/IO#, D/C#, W/R#, CACHE#, 
SCYC, 


lOCK# 
Valid Delay 
r 


'sa 
AP Valid Delay 
1.5 
9.5 
nS 
10 


t7 
ADS#, AP, A3-A31, 
PWT, PCD, BEO-?#, 
10 
nS 
11 
(1) 


M/IO#, D/C#, W/R#, CACHE#, 
SCYC, 


lOCK# 
Float Delay 


tB 
PCHK#, APCHK#, 
IERR#, FERR# Valid 
1.5 
8.3 
nS 
10 
(4) 
- 
~ 


Delay 


t9 
BREQ, HlDA, 
SMIACT# 
Valid Delay 
1.5 
8.0 
nS 
10 
(4) 


t10 
HIT#, HITM# Valid Delay 
1.5 
8.0 
nS 
10 


tll 
PMO-1, BPO-3 Valid Delay 
, 


1.5 
10 
nS 
10 


tlla 
PRDY Valid Delay 
1.5 
8.0 
nS 
10 
. 


t12 
DO-D63, DPO-? Write Data Valid Delay 
1.5 
9 
nS 
10 


t13 
DO-D63, DPO-? Write Data Float Delay 
10 
nS 
11 
(1) 


t14 
A5-A31 Setup Time 
6.5 
nS 
12 


t15 
A5-A31 Hold Time 
1.5 
nS 
12 


t16 
EADS#, INV, AP Setup Time 
5 
nS 
12 


t17 
EADS#, INV, AP Hold Time 
1.5 
nS 
12 


tlB 
KEN#, WBIWT# 
Setup Time 
5 
nS 
12 


t1Ba 
NA# Setup Time 
4.5 
nS 
12 
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Table 
16. 120/133-MHz 
Pentlum@OverDrlve®Processor 
(66-MHz Bus) A.C. Specifications 
(Continued) 


Vcc = 4.90V to 5.40V; TA = 0 to 45°C; CL = 0 pF 


Symbol 
Parameter 
Mln 
Max 
Unit 
Figure 
Notes 


t19 
KEN#, WBIWT#:NA# 
Hold Time 
1.5 
nS 
.12 


t20 
BRDY# Setup Time 
5 
nS 
12 


t21 
BRDY# Hold Time 
1.5 
nS 
12 


t22 
AHOlD, 
BOFF# Setup Time 
5.5 
nS 
12 


t23 
AHOlD, 
BOFF# Hold Time 
1.5 
nS 
12 
~.'I 


t24 
BUSCHK#, 
EWBE#, 
HOLD, PEN# 
5 
nS 
12 
Setup Time 


t25 
BUSCHK#, 
EWBE#, 
HOLD, PEN# Hold 
1.5 
nS 
12 
Time 


t26 
A20M#, 
INTR, Setup Time 
5 
nS 
12 
(12),(16) 


t27 
A20M#, 
INTR, Hold Time 
1.5 
nS 
12 
(13) 


t2B 
INIT, FlUSH#, 
NMI, SMI#, IGNNE# 
5 
nS 
12 
(16),(17) 


Setup Time 


t29 
INIT, FlUSH#, 
NMI, SMI#, IGNNE# 
Hold 
1.5 
nS 
12 
Time 


t30 
INIT, FlUSH#, 
NMI, SMI#, IGNNE# 
2 
ClKs 
(15),(17) 


Pulse Width, Async 


t31 
R/S# Setup Time 
5 
nS 
12 
(12),(16),(17) 


t32 
R/S# Hold Time 
1.5 
nS 
12 
(13) 


t33 
RIS# Pulse Width, Async. 
2 
ClKs 
(15),(17) 


t34 
DO-D63 Read Data Setup Time 
3.8 
nS 
12 


t34a 
DPO-? Read Data Setup Time 
3.8 
nS 
12 


t35 
00-063, 
DPO-? Read Data Hold Time 
2 
nS 
12 


t36 
RESET Setup Time 
5 
nS 
13 
(11),(12),(16) 


t37 
RESET Hold Time 
1.5 
nS 
13 
(11),(13) 


t3B 
RESET Pulse Width, Vcc & ClK 
Stable 
15 
ClKs 
13 
(11) 


t39 
RESET Active After Vcc & ClK 
Stable 
1 
mS 
13 
power up, (11) 


t40 
Reset Configuration 
Signals (INIT, 
5 
nS 
13 
(12),(16),(17) 


FlUSH#) 
Setup Time 


t41 
Reset Configuration 
Signals (INIT, 
1.5 
nS 
13 
(13) 


FLUSH#) 
Hold Time 
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Table 
16. 120/133-MHz 
PentiumQil OverDriveQil Processor 
(66-MHz 
Bus) A.C. Specifications 
(Continued) 


Vcc = 4.90V to 5.40V; TA = 0 to 45°C; CL = 0 pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


t42 
Reset Configuration 
Signals (INIT, 
2 
ClKs 
13 
(16) 


FlUSH#) 
Setup Time, Async. 


t43 
Reset Configuration 
Signals (IN IT, 
2 
ClKs 
13 
FLUSH#) 
Hold Time, Async. 


t44 
TCK Frequency 
- 
16 
MHz 


t4S 
TCK Period 
62.5 
nS 
9 


t46 
TCK High Time 
25 
nS 
9 
@2V,(I) 


t47 
TCK low Time 
25 
nS 
9 
@0.8V,(I) 


t48 
TCK Fall Time 
5 
nS 
9 
(2.0V-0.8V), 
(I), (8),(9) 


t49 
TCK Rise Time 
< 
5 
nS 
9 
(0.8V-2.0V), 
(1).(8),(9) 


tso 
TRST# Pulse Width 
40 
nS 
15 
(I), Asynchronous 


tSl 
TDI, TMS Setup TIme 
5 
nS 
14 
(7) 


tS2 
TDI, TMS Hold Time 
13 
nS 
14 
(7) 


tS3 
TOO Valid Delay 
, 


3 
20 
nS 
14 
(8) 


tS4 
TOO Float Delay 
25 
nS 
14 
(I), (8) 


tss 
All Non-Test Outputs Valid Delay 
3 
20 
nS 
14 
(3),(8), (10) 


tS6 
All Non-Test Outputs Float Delay 
25 
nS 
14 
(I), (3),(8),(10) 


tS7 
All Non-Test 
Inputs Setup Time 
5 
nS 
14 
(3),(7),(10) 


tS8 
All Non-Test 
Inputs Hold Time 
13 
nS 
14 
(3),(7),(10) 
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NOTES: 


Notes 2, 5, 6, and 14 are general and apply to all timing specified. 


1. 
Not 100% tested. 
Guaranteed 
by design/characterization. 


2. 
TTl input test waveforms 
are assumed 
to be 0 to 3 Volt transitions 
with lVoltlns 
rise and fall times. 


3. 
Non-Test 
Outputs 
and Inputs are the normal output or input signals 
(besides 
TCK, TRST#, 
TDI, TOO, and TMS). These 
timings 
correspond 
to the response 
of these signals 
due to boundary 
scan operations. 


4. 
APCHK#, 
FERR#:HlDA, 
IERR#, 
lOCK#, 
and PCHK# are glitch free outputs. 
Glitch free signals 
monotonically 
transition 
without 
false transitions 
(i.e., glitches). 


5. 
0.8 V/ns <= ClK 
input rise/lall 
time <= 8 V/ns. 


6. 
0.3 V/ns <= Input rise/fall time <= 5 V/ns. 


7. 
Referenced 
to TCK rising edge. 


8. 
Referenced 
to TCK falling edge. 


9. 
1 ns can be added to the maximum 
TCK rise and fall times for every 10 MHz of frequency 
below 
16 MHz. 


10. 
During probe mode operation, 
use the normal specified 
timings. 
Do not use the boundary 
scan timings 
(t55'58). 


11. 
Pentium" 
OverDrive" 
processor 
timing 
not applicable 
to FRCMC#. 


12. 
Setup time is required 
to guarantee 
recognition 
on a specific 
clock. 


13. 
Hold time is required 
to guarantee 
recognition 
on a specific 
clock. 


14. 
All TTl timings 
are referenced 
from 1.5 V .• 


15. 10 guarantee 
proper asynchronous 
recognition, 
the signal must have been deasserted 
(inactive) 
for a minimum 
of 2 
clocks before 
being retumed 
active and must meet the minimum 
pulse width. 


16. 
This input may be driven asynchronously. 


17. 
When driven asynchronously, 
NMI, FlUSH#, 
RlS#, INIT, and SMI# must be deasserted 
(inactive) 
for a minimum 
of 2 


clocks before 
being retumed 
active. 


18. 
Functionality 
is guaranteed 
by design/characterization. 


19. 
Measured 
on rising edge of adjacent 
ClKs 
at 1.5V. 


20. 
To ensure 
a 1:1 relationship 
between 
the magnitude 
of the input jitter and the intemal 
and extemal 
clocks, the jitter 
frequency 
spectrum 
should 
not have any power spectrum 
peaking 
between 
500 KHz and 1/3 of the ClK 
operating 


frequency. 
If this occurs, 
I/O timings 
are degraded 
by twice the jitter component 
within this frequency 
range. 
For example, 


if 15% of the jitter energy 
is within this range degrade 
I/O timings 
by 2 X 0.15 X magnitude 
of jitter. 


21. 
The amount 
of jitter present 
must be accounted 
for as a component 
of ClK 
skew between 
devices. 
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5.6.2. 
TIMING 
AND WAVEFORMS 


T.o: 


Tv = 1:5. '4~ 
T w =1•••t48 
T x •• 13,.M7 
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Figure 7. Clock Waveform 


Figure 8. Valid Delay Timing 


intel~ 


1998 Pentiurrf1i>Processor Databook 


intet~ 


Pentium@ OverDrive@ Processor 
for Pentium Processor-Based 
Systems 


1.5V 


T;x 


Ty 


TX=V, U3 
1'y "" tEinlin:, t't2min 


Figure 
9. Float Delay Timing 
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Figure 
10. Setup 
and Hold Timing 
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Figure 11. Reset and Configuration 
Timing 
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Figure 12. Test Timing 
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Figure 
13. Reset and Configuration 
Timing 


6.0. 
MECHANICAL 
SPECIFICATIONS 


6.1. 
PackageDimensions 


Table 
17. 120N33-MHz 
Pentium- 
OverDrive- 


Processor 
Package 
Information 
Summary 


6.1.1. 
120/133-MHZ 
Pentiume 
OverDrive- 


PROCESSOR 


Package 
Total 
Pin 
Package 
Estimated 


Type 
Pins 
Array 
Size 
Wattage 


PGA 
273 
21x2 
2.16' X 
See Table 


1 
2.16' 
14 


,5.49 cm X 
5.49 cm 


The 120/133-MHz 
Pentium 
OverDrive 
processor 
for 


60/66-MHz 
Pentium processor-based 
systems, 
uses 


a 273-pin ceramic 
pin grid array (PGA) package 
with 


attached 
fanlheatsink. 
The pins are arranged 
in a 21 


x 21 matrix and the package 
dimensions 
will be 2.16' 
x 2.16" (5.49 cm x 5.49 cm). See Table 17. 


NOTE: 


The mechanical 
specifications 
are provided 
in Table 
18. 


Figure 
14 shows the package 
dimensions 
for the 120/133- 


MHz Pentium'" OverDrive'" 
processor. 
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Table 18. 120/133-MHz 
Pentlume OverDrive- 
Processor 
Mechanical 
Specifications 


Family: Ceramic 
Pin Grid Array Package 


M IIIimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Mln 
Max 
Notes 


A 
33.98 
Metal Lid 
1.338 
Metal Lid 


Al 
2.84 
3.50 
Metal Lid 
0.112 
0.138 
Metal Lid 


, 


A2 
0.33 
0.43 
Metal Lid 
0.013 
0.017 
Metal Lid 


A3 
2.51 
3.07 
0.099 
0.121 


A4 
20.32 
0.800 


A5 
10.16 
0.400 


B 
0.43 
0.51 
0.017 
0.020 


D 
54.61 
55.11 
2.150 
2.170 


Dl 
50.67 
50.93 
1.995 
2.005 


El 
2.29 
2.79 
0.090 
0.110 


L 
3.05 
3.30 
0.120 
0.130 


N 
273 
273 


81 
~ 
1.65 
2.16 
0.065 
0.065 
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6.2. 
SpatialRequirements 


Figure 14. 120~133·MHz Pentlum" 
OverDrive- 
Processor 
Package 
Dimensions 


Both the 
Pentium 
OverDrive 
processors 
employ 
a 
fanlheatsink 
thermal 
management 
device. 
Clearance 
requirements 
must be met around the fanlheatsink 
to 
ensure 
unimpeded 
air 
flow 
for 
proper 
cooling. 
Figure 15 shows the Pentium OverDrive 
processor's 
fanlheatsink 
space requirements. 


The 
Pentium 
OverDrive 
processors 
have 
spatial 
requirements 
defined 
in 
the 
respective 
socket 
specification 
that 
must 
be 
met. 
As 
shown 
in 
Figure 16, it is acceptable 
to allow 
any device 
(Le., 
add-in cards, surface 
mount device, chassis, 
etc.) to 


enter within the free space distance 
of 0.2' from the 
Pentium 
OverDrive 
processor 
(PGA 
or 
SPGA) 
package if it is not taller than the level of the heatsink 
base. 
In other 
words, 
if a component 
is taller 
than 
height 
"8," 
it 
cannot 
be 
closer 
to 
the 
Pentium 
OverDrive 
processor 
(PGA or SPGA) 
package 
than 
distance 
"An. This applies to three of the four sides of 
the 
Pentium 
OverDrive 
processor 
(PGA 
or SPGA) 
package, 
although 
the back 
and 
handle 
sides 
of a 
ZIF 
socket 
will 
generally 
automatically 
meet 
this 
specification 
since 
they 
have 
widths 
larger 
than 
distance 
"A." 
Compliance 
to 
this 
requirement 
will 


ensure 
systems 
can be upgraded 
to the respective 
Pentium OverDrive 
processor. 
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Airflow, 


SOCKET 4, SOCKET 5, and SOCKET 7 


Figure 
15. Illustrates 
Physical 
Space 
Requirements 
for the Pentlum" 
OverDrive- 
Processors 


NOTE: 
Z = 1.3 for 120/133-MHz 
Pentiurn" Overfrrive" processor 


A 
Surface Mount 
Component 


A = Space from package (0.200") 
B = Height from motherboard 
(Socket Dependent) 


Heat Sink Unit 


ZIF Socket 


Motherboard 
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Figure 
16. Required 
Free Space from 
Sides 
of PGA Package 
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6.3. 
Pentlum" OverDrive· Processor 
Socket 
Pentium OverDrive processor, all power and ground 
pins 
should 
be 
connected 
as 
defined 
by 
the 
respective socket definitions. 


6.3.1. 
SOCKET COMPATIBILITY 
6.3.2. 
SOCKET 4 PINOUT 


Socket 4 (273 pins) is defined specifically for the 
requirements of the 120/133-MHz PentiumOverDrive 
processor. In addition Socket 4 is pin compatible with 
the original 60/66-MHz Pentium processor (273 
pins). 


Socket 4 is the 273-pin ZIF (Zero Insertion Force) 
socket recommended for the 120/133-MHz Pentium 
OverDrive 
processor. 
The 
Socket 
4 
pinout 
is 


identical to the original Pentium processor. The 
pinout is also specifically defined to ensure proper 
orientation for the 120/133-MHz Pentium OverDrive 
processor. 


All the Pentium OverDrive processor sockets are 
compatible with their respective original Pentium 
processors. To 
insure 
proper 
operation of 
the 
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Figure 
17. 273-Pin 
Socket 
4 for 120/133-MHz 
Pentium"' 
OverDrive"' 
Processor 
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7.0. 
THERMAL SPECIFICATIONS 


7.1. 
Pentiume OverDrivee Processor 


The Pentium OverDrive processors are shipped with 
an attached fan/heatsink for a complete thermal 
solution for the processor upgrade. The fan/heatsink 
cooling solution will 
properly cool 
the 
Pentium 
OverDrive 
processor 
provided 
jhe 
space 
requirements of 
Section 6.2. 
are 
met and the 
maximum air temperature entering the fan/heatsink 
(TA) does not exceed 45°C. The fan/heatsink inlet 
temperature 
(TA) is 
measured 
0.3" 
above 
the 
centerline of the fan hub at the system maximum 
ambient operating temperature (See Figure 15). 


8.0. 
TESTABILITY 


8.1. 
Introduction 


This 
section 
describes the 
features 
which 
are 
included in the Pentium OverDrive processors for 
purposes of testability of the part. The testability 
features provided for the original Pentium processor 
are 
also 
available 
on 
the 
Pentium 
OverDrive 
processors. 
The 
Pentium OverDrive 
processors 
however, do not support the IEEE Standard 1149.1 
boundary scan using the Test Access Port (TAP) 
and TAP Controller as described in Chapters 11 and 
27 of the Pentium'" Family 
User's Manual, 
Volume 
1. 
Contact your Intel representative for further details. 
Some features of testability are described below. 
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8.2. 
Built in Self Test (BIST) 


Self test is initiated by driving the INIT pin high when 
RESET transitions from high to low. No bus cycles 
are run by the Pentium OverDrive processor during 
self test. The duration of self test is approximately 2'· 
clocks. SIST is used to test approximately 70% of the 
devices in the Pentium OverDrive processor. 


The Pentium OverDrive processor SIST consists of 
two parts: hardware self test and microcode self test. 
During the hardware portion of SIST, the microcode 
and the large PLAs are tested. All possible input 
combinations of the microcode ROM and PLAs are 
tested. The microcode self test is done by comparing 
the stored value of ROM check sums with the result 
of the self test. 


If the mismatch occurs or the errors are detected 
during SIST, the Pentium OverDrive processor will 
assert the IERR# pin and attempt to shutdown. 


8.3. 
Tri-State Test Mode 


When the FLUSH# pin is sampled low in the clock 
prior to the RESET pin going from high to lOW,the 
Pentium OverDrive processor enters tristate test 
mode. The Pentium OverDrive processor floats all of 
its output pins and bi-directional pins including pins 
which are never floated during normal operation 
(except TDO). Tristate test mode can be initiated'in 
order to facilitate testing of board connections. The 
Pentium OverDrive processor remains in tristate test 
mode until the RESET pin is toggled again. 
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APPENDIX A 


Pentlurn" OverDrive® PROCESSOR 
UPGRADABILlTY 
DESIGN CONSIDERATIONS 


Intel has designed 
the family of Pentium OverDrive 
processors 
so that they can be easily 
installed 
by the end- 


user. PC manufactures 
can support this by implementing 
the design considerations 
listed in Table 19. 


Design 
Consideration 
Implementation 


Visible Pentium'" OverDrive'" 
Processor 
Socket 
The Pentium OverDrive 
processor 
socket should be 


easily visible when the PC's cover is removed. 
Label the 


Pentium OverDrive 
processor 
socket and the location of 


pin 1 by silk screening 
this information 
on the PC board. 


Accessible 
Pentium OverDrive 
Processor 
Socket 
Make the Pentium processor 
easily accessible 
to the end 


user (i.e., do not place the Intel Pentium OverDrive 
processor 
socket under the hard disk). If the low insertion 


force (L1F) is used, position the Pentium OverDrive 
processor 
socket on the PC board such that there is 


ample clearance 
around the socket. 


Foolproof 
Chip Orientation 
Intel packages 
all Pentium OverDrive 
processors 
with a 


"keyed pin configuration" 
that insures that the Pentium 


OverDrive 
processors 
fits into the respective 
sockets 
in 


the correct orientation. 


Zero Insertion Force Upgrade 
Socket 
The high pin count of the Pentium OverDrive 
processors 


often require more than 60 Ibs of insertion force for Low 
Insertion Force (L1F) sockets. A Zero Insertion 
Force 


(ZIF) socket insures that the chip insertion force does not 
damage the PC Board. If the ZIF socket has a handle, be 
sure to allow enough clearance 
for the socket handle. 
If a 
L1F socket is used, additional 
PC board support 
is 


recommended. 


"Plug and Play" 
Jumper or switch changes should not be needed to 
electrically 
configure 
the system for the Pentium 


OverDrive 
processor. 


Thorough 
Documentation 
Describe the Pentium OverDrive 
processor's 
installation 


procedure 
in the PC's User's Manual. 


Table 19. Design 
Considerations 
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Pentlurn" OverDrive® PROCESSOR ZIF SOCKET 
VENDORS 


The following 
list provides examples 
of sockets which can be used for Pentium processor-based 
systems. 


NOTE: 


This is not a comprehensive 
list, Intel has not tested all of the Vendor's 
sockets 
listed below and cannot 


guarantee 
that these will meet every PC manufacturer's 
specific requirement. 


Socket 
No. 
Style 
Drawing 
No. 
Part No. 


AMP 
Socket 
5 
SLAZ, QC, T 
C-916513 
916513 


(800) 522-6752 
Socket 
5 
SLAZ, QC, T 
C-916560 
- 
916560 


Socket 
5 
SLAZ, QC, T 
C-916655 
916655 


11· 
Socket 
5 
SLAZ, QC, T 
C-916656 
916656 


Socket 
5 
SLAZ, QC, T 
C-916671 
916671 


Socket 
5 
SLAZ, QC, T 
C-916672 
916672 


Socket 
7 
SLAZ, QC, T 
C-916637 
916637 


Socket 
7 
SLAZ, QC, T 
C-916657 
916657 


Socket 
7 
SLAZ, QC, T 
C-916658 
916658 


Appros 
Socket 
5 
SLAZ, QC, T 
KEA391129 
SLR-S19-320-LN2 


(408) 567-1234 
Socket 
7 
SLAZ, QC, T 
KEA391130 
SLR-S19-321-LN2 


Average plating thickness 
used for qualification 
testing: 
11.2 micro inches gold. 


J'ugat 
Socket 
5 
SLAZ, QC, T 
MP-AX159BCD20 
MP-AX159BCD203 


(800) 999-7646 
Socket 
5 
SLAZ, QC, T 
MP-AX159BCD20A 
MP-AX159BCD203A 


Socket 
5 
SLAZ, QC, T 
MP-AX159BCD20B 


, 


MP-AX159BCD203B 


Socket 
7 
SLAZ, QC, T 
MP-AX164BCD21 
X 
MP-AX164BCD213 


Socket 
7 
SLAZ, QC, T 
MP-AX164BCD21XA 
MP-AX164BCD213A 


Socket 
7 
SLAZ, QC, T 
MP-AX164BCD21 
XB 
MP-AX164BCD213B 


Average plating thickness 
used for qualification 
testing sockets: 
19 micro inches gold. 
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Socket 
No. 
Style 
Drawing 
No. 
Part No. 


BergIMckenzie 
Socket 
5 
SLAZ, oc. T 
SAL B 270086-000 
ZIF 97050-4020 


(510) 654·2700 
Socket 
5 
SLAZ, cc. T 
SAL B 270086-000 
ZIF 97050-4120 


Socket 
7 
SLAZ, cc. T 
SAL B 270088-000 
ZIF 97054-4020 


Socket 
7 
SLAZ, oc. T 
SAL B 270088-000 
ZIF 97054-4120 


Average 
plating thickness used for qualification 
testing sockets: 35 micro inches gold 


Foxconn 
Socket 
5 
SLAZ, oc. NT 
309-0000-049 
PZ32023-0120 


(408) 749·1228 
Socket 
5 
SLAZ, oc. T 
309-0000-049 
PZ32033-0120 


Socket 
5 
SLAZ, oc. T 
309-0000-049 
PZ32043-0120 


Socket 
5 
SLAZ, oc, T 
309-0000-049 
PZ32053-0120 


Socket 
7 
SLAZ, oc. T 
309-0000-062 
PZ32143-0120 


Socket 
7 
SLAZ, oc. T 
309-0000-062 
PZ32153-0120 


Average plating 
thickness used for qualification 
testing: 
10.0 micro inches gold 


JAE 
Socket 
5 
SLAZ, oc. T 
SJ029842-E 
PCPS-ZL320-A9 


(714) 753·2628 
Socket 
7 
SLAZ,aC, 
T 
SJ029842-E 
PCPS-ZL321-A9 


Average 
plating thickness 
used for qualification 
testing: Socket 517 3.7 micro inched gold 


Flash/31.4 
microinches 
Palladium 
Nickel, Socket 8 4.5 micro inched gold Flash/34 micro 
inches Palladium 
Nickel. 


Producer 
Socket 
5 
SLAZ,aC, 
T 
PD104-3202 
PD104-32025 


886·2-202·3578 
Average plating thickness 
used for qualification 
testing: 5.7 micro inches gold. 


Yamalchl 
Socket 
5 
SLAZ, oc, T 
KL-13790 
NP21 0-320-01 OO-CCO 


(800) 769-0797 
Socket 
5 
SLAZ, oc. T 
KL-13425 
NP21 0-320-01 00-CC1 


Socket 
5 
SLAZ,aC, 
T 
KL-13518 
NP21 0-320-01 00-CC2 


Socket 
5 
SLAZ, oc, T 
KL-13930 
NP21 0-320-01 00-CC3 


Socket 
5 
SLAZ, oc. T 
KL-13625 
NP210-320K13625(D) 


Socket 
7 
SLAZ, oc. T 
KL-13823 
NP21 0-321-01 00-CC1 


Socket 
7 
SLAZ, oc. T 
KL-13620 
NP21 0-321-01 00-CC2 


Socket 
7 
SLAZ, oc. T 
KL-13938 
NP21 0-321-01 00-CC3 


Average plating thickness 
used for qualification 
testing: 6.1 micro inches gOld. 
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200-MHz 
Pentiun» 
Overtuive» 
Processor 


with MMXTM Technology 
to upgrade 


100/133/166-MHz 
Pentium 


Processor-Based 
Systems 


180-MHz 
Pentium 
OverDrive 
Processor 


with MMX Technology 
to upgrade 


90/120/150-MHz 
Pentium 
Processor-Based 


Systems 
and upgrades 
75-MHz Pentium 


Processor-Based 
Systems 
to 150-MHz 


166-MHz 
Pentium 
OverDrive 
Processor 


with MMX Technology 
to upgrade 
100/133- 


MHz Pentium 
Processor-Based 
Systems 


• 
Support for MMXTMTechnology 


• 
Powerful Processor Upgrades for 
Upgradable Pentium@ Processor-Based 
Systems 


• 
Superscalar Architecture 
Enhanced pipelines 
Two Pipelined Integer Units 
Capable of 2 Instructions/Clock 
Pipelined MMX Unit 
Pipelined Floating-Point 
Unit 


• 
Separate Code and Data Caches 
Deeper Write Buffers, "Pool" 
Configuration 
- 
Enhanced Branch Prediction 
- 
Virtual Mode Extensions 


• 
32-Bit CPU with 64-Bit Data Bus 


• 
.351lM CMOS Silicon Technology 
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• 
On-package Voltage Regulation 
and Voltage Filtering 


• 
Integrated Fan/Heatsink Thermal 
Solution 


• 
Compatible with Installed Software 
Base 
- 
MS-DOS*, Windows*, Windows 95, 
Windows NT, OS/2*, UNIX* 


• 
Product Line Supports Socket 5 & 
Socket 7 Designs 


• 
320 pin SPGA Package 


• 
Bus/Core Ratio, Hard-Bonded 
in 2/5 
and 1/3 Modes 


• 
Easy Installation 


• 
Supports 50, 60, 66-MHz Bus Speeds 


• 
Single 3.3 Volt Supply 


June 
1997 
Order 
Number: 
290607-001 
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processor-based systems. 


The Pentium OverDrive processor with MMX technology for Pentium processor-based systems has 4.5 million transistors and 
is built on Intel's advanced O.35-micron silicon technology. The Pentium OverDrive processor with MMX technology is 
equipped with high reliability, integrated fanlheatsinks. 
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1.0. 
INTRODUCTION 


This datasheetdescribes Intel's Pentium OverDrive 
processor with 
MMX technology for upgradable 
Pentium processor-based systems. The 
Pentium 
OverDrive processor with MMX technology currently 
includesupgradesfor 75, 90, 100, 120, 133, 150,and 
166-MHz Pentiumprocessors.Technical descriptions 
of other PentiumOverDriveprocessorsare availablein 
Intel 
OverDriv~ 
Processors 
datasheet 
(Order 
#290436). 


This datasheet is intended to be used in conjunction 
with the Pentiu,.,-rm Family 
User's 
Manual 
(Order 
#241428), which describes the 
Pentium family 
architecture and functionality. All enhancements or 
differences 
between 
the 
Pentium 
OverDrive 
processor with MMX technology and the original 
Pentium processor 
(l.e., 75/90/100/120/133/150/ 
166-MHz Pentium processor vs. 200/180/166-MHz 
Pentium 
OverDrive 
processor 
with 
MMX 
technology) 
are 
described 
in 
this 
datasheet. 
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Pentium 
processor-based 
systems 
that 
are 
compatible with the Pentium OverDrive processor 
with MMX technology must be designed to both the 
original processor specifications and the Pentium 
OverDrive 
processor 
with 
MMX 
technology 
specifications. 


1.1. 
Product Overview 


The 
Pentium OverDrive 
processor 
with 
MMX 
technology, for upgradable 75, 90, 100, 120, 150, 
and 166-MHz Pentium systems, allows users to 
upgrade to more advanced Pentium processor 
technology and adds Intel's new MMX technology. 


Figure 1 contains the block diagram of the Pentium 
OverDrive 
processor 
with 
MMX 
technology. 


Figure 2 lists some of the enhancements of the 
Pentium 
OverDrive 
processor 
with 
MMX 
technology. Figure 3 describes the upgrade choices 
available for an existing Pentium processor system. 
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Figure 1. Pentiume OverDrive- 
Processor 
with MMXTM Technology 
Block Diagram 


intel~ 
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Pentium@ OverDrive® 
Processor 
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Technology 


• Based on Advanced Pentium'P 
•. 351lM CMOS Silicon Technology 


Processor with MMX~ Technology 
• Dynamic Branch prediction 
• Superscalar 
Architecture 
• Improved Execution 
Time 
• Pipelined 
Floating-Point 
Unit 
• Writeback 
MESI Protocol in the Data Cache 
• Separate 
16K Code and 16K Data caches. 
Bus Cycle Pipelining 
• 64 Bit Data Bus 
• Internal Parity Checking 
• Address Parity 
• Performance 
Monitoring 
• Virtual Mode Extensions 
• Execution 
Tracing 
• System Management 
Mode 
• Active FanlHeatsink 
• Fractional 
Bus Operation 
• For 75,90, 
and 100-MHz Pentium 
Processor-Based 
Systems 


[ 


200, 180, and 166-MHz Pentium 
OverDrive® Processors 
with MMX Technology 
• 320 Pin SPGA Pinout 
• On-package 
Voltage Regulation 


.. 


Figure 2. Pentiume OverDrive- Processor with MMXT!" Technology Key Features 
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Current 
Processor 
Pentium" 
Overfrrive" 
Processor 
with MMXTMTechnology 
Upgrade 
I 75-MHz Pentium Processor 
150-MHz Pentium OverDrive 
Processor 
with MMX Technology 


180-MHz Pentium OverDrive 
Processor 
with MMX Technology 
9011201150-MHz 
Pentium Processor 


1200 &: 166-MHz Pentium OverDrive 
Processor with MMX Technology 
10011331166-MHz 
Pentium Processor 


Figure 3. Pentiume OverDrive- Processor with MMXTM Technology Upgrade Choices 
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1.2. 
Product Description 


The 
Pentium 
OverDrive 
processor 
with 
MMX 
technology comes in a 320-pin SPGA package and 
Is a drop-in replacement for the 75, 90, 100, 120, 
133, 150 and 166-MHz Pentium processor. It comes 
with on-package voltage regulation to provide the 
required 2.8 volts for the core and a fan/heatsink for 
a complete thermal solution. The 
intemal 
core 
operates at 3.0 and 2.5 times the speed of the 
system bus for respective 200MHz and 166-MHz 
Pentium OverDrive processor with MMX technology. 
For dual socket systems the original processor must 
be removed and the Pentium OverDrive processor 
with MMX technology should be installed in the 
secondary socket since it does not support dual 
processing. 


1.3. 
Purposeof this Document 


This document describes the system architecture 
and physical environment of Pentium OverQrive 
processor with MMX. technology. It also outlines 
differences between the originally installed Pentium 
processor and the Pentium OverDrive processor with 
MMX technology. 


1.4. 
CompatibilityNote 


In this document some register bits are shown as 
"Intel Reserved" (RES) and some pins are marked as 
"No Connects" (NC) or "Reserved" (RES). When 
reserved bits are called out, treat them as fully 
undefined. This is essential for software compatibility 
with current and future processors. When a pin is 
marked as a "NC" or "RES" it is important to not 
connect any other signals to such pins to ensure 
proper 
operation. 
Intel 
strongly 
recommends 


following the guidelines below: 
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1. 
Do not depend on the states of any undefined 
bits when testing the values of defined register. 
Mask them out when testing. 


2. 
Do not depend on the states of any undefined 
bits when storing them to memory or another 
register. 


3. 
Do not depend on the ability to retain information 
written into any undefined bits. 


4. 
When 
loading 
registers 
always 
load 
the 


undefined bits as zeros. 


5. 
Never connect signals to device pins marked 
"NC" or "RES". 


6. 
INe pins are Internal No-Connects. This means 
that the pin is not connected to the processor 
internally. For example; the CPUTYP signal pin 
on the Pentium OverDrive processor with M~X 
technology is internally not connected to the 
package pin. The core is internally tied to vse. 
The pin on the package is defined as INC. Any 
external connections to the package pin will not 
affect the processor core because the core is 
physically disconnected from the package pin. 


2.0. 
PINOUTAND PIN DESCRIPTION 


2.1. 
Pinout 


The 
Pentium 
OverDrive 
processor 
with 
MMX 


technology has a 320-pin SPGA pinout and is 
designed to be installed into Socket 5 or Socket 7. 
See Section 6.3 for more details on Socket 5 and 
Socket 7. Figure 4 and Figure 5 are illustrations of 
each side of the SPGA package. 
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4. PentiumGDOverDriveGD Processor 
with 
MMXTM Technology 
Pinout-Top 
Side View 
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Figure 5. Pentiume OverDrivee Processor with MMXTM Technology Pinout-Pin 
Side View 
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2.2. 
Pin Cross Reference 


Table 1. 320-Pin SPGA Pin Cross Reference 
by Pin Name 


Address 


Signal 
Location 
Signal 
Location 
Signal 
Location 
Signal 
Location 
Signal 
Location 


A3 
AL35 
A9 
AK30 
A15 
AK26 
A21 
AF34 
A27 
AG33 


A4 
AM34 
A10 
AN31 
A16 
AL25 
A22 
AH36 
A28 
AK36 


AS 
AK32 
A11 
AL31 
A17 
AK24 
A23 
AE33 
A29 
AK34 


A6 
AN33 
A12 
AL29 
A18 
AL23 
A24 
AG35 
A30 
AM36 


A7 
AL33 
A13 
AK28 
A19 
AK22 
A25 
AJ35 
A31 
AJ33 


A8 
AM32 
A14 
AL27 
A20 
AL21 
A26 
AH34 


Data 


Signal 
Location 
Signal 
Location 
Signal 
Location 
Signal 
Location 
Signal 
Location 


00 
K34 
013 
834 
026 
024 
039 
010 
052 
E03 


01 
G35 
014 
C33 
027 
C21 
040 
008 
053 
G05 


02 
J35 
015 
A35 
028 
022 
041 
A05 
054 
E01 


03 
G33 
016 
832 
029 
C19 
042 
E09 
055 
G03 


04 
F36 
017 
C31 
030 
020 
043 
804 
056 
H04 


05 
F34 
018 
A33 
031 
C17 
044 
006 
057 
J03 


06 
E35 
019 
028 
032 
C15 
045 
COS 
058 
J05 


07 
E33 
020 
830 
033 
016 
046 
E07 
059 
K04 


08 
034 
021 
C29 
034 
C13 
047 
C03 
060 
LOS 


09 
C37 
022 
A31 
035 
014 
048 
004 
061 
L03 


010 
C35 
023 
026 
036 
C11 
049 
E05 
062 
M04 


011 
836 
024 
C27 
037 
012 
050 
002 
063 
N03 


012 
032 
025 
C23 
038 
C09 
051 
F04 
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Control 


Signal 
Location 
Signal 
Location 
Signal 
Location 
Signal 
Location 


A20M# 
AK08 
BROYC# 
Y03 
FLUSH# 
ANO? 
PEN# 
Z34 


AOS# 
AJOS 
BREO 
AJ01 
~ft~MC# 
11 
Y3S 
PMOIBPO 
003 


AOSC# 
AM02 
BUSCHK# 
ALO? 
HIT# 
AK06 
PM1/BP1 
R04 


AHOLO 
V04 
CACHE# 
U03 
HITM# 
ALOS 
PROY 
ACOS 


AP 
AK02 
CPUTYp·· 
035 
HLOA 
AJ03 
PWT 
AL03 


APCHK# 
AEOS 
O/C# 
AK04 
HOLD 
AB04 
R/S# 
AC3S 


BEO# 
AL09 
O/P#* 
AE3S 
IERR# 
P04 
RESET 
AK20 


BE1# 
AK10 
OPO 
036 
IGNNE# 
AA3S 
SCYC 
AL1? 


BE2# 
AL 11 
OP1 
030 
INIT 
AA33 
SMI# 
AB34 


BE3# 
AK12 
OP2 
C2S 
INTR/LINTO 
A034 
SMIACT# 
AG03 


BE4# 
AL13 
OP3 
018 
INV 
UOS 
TCK 
M34 


BES# 
AK14 
OP4 
CO? 
KEN# 
WOS 
TOI 
N3S 


BE6# 
AL1S 
OPS 
F06 
LOCK# 
AH04 
TOO 
N33 


BE?# 
AK16 
OP6 
F02 
M/IO# 
T04 
TMS 
P34 


BOFF# 
Z04 
OP? 
NOS 
NA# 
YOS 
TRST# 
033 


BP2 
S03 
EAOS# 
AM04 
NMIILINT1 
AC33 
W/R# 
AM06 


BP3 
SOS 
EWBE# 
W03 
PCO 
AGOS 
WB/WT# 
AAOS 


BROY# 
X04 
FERR# 
005 
PCHK# 
AF04 


APIC 
? 
Clock 
Control 
Dual P1ootssor 
Private 
Interface 


Signal 
I' 
Location 
Signal 
Location 
Signal 
Location 


PICCLK 
~; 
H34 
CLK 
AK18 
PBG~T# 
AD04 


PICOO '''''' 
ii 


.W" 
I 
Y33 


\~{W 


J33 
BF •• 
PBREQ# 
AE03 


.. 
~~ 


[OPEN#} 
BF1·· 
X34 
PHIT# 
AA03 


PIC01 
...'.. !l 
L35 
STPCLK# 
V34' 
PHITM# 
AC03 


[APICENj'I'Z'8lr 
1'iiW 
;;; 
iN'~j 


Table 
1. 320-Pln 
SPGA Pin Cross 
Reference 
by Pin Name (Continued) 


NOTES: 


The shaded 
pin definitions 
on the Pentiumlll> OverDrivelll> processor 
with MMXTM technology 
are dual processing 
pins and are 
not supported 
by the Pentium 
OverDrive 
processor 
with MMX technology 
in Table 2. 


• The D/P# signal in the 75,90,100, 
120, 133, 150, and 166-MHz 
Pentium 
processor 
is always 
driven. Low indicates 
primary 
processor 
has the bus and high indicates 
the secondary 
processor 
is driving 
the bus. In the Pentium 
OverDrive 
processor 
with 
MMX technology 
this pin is defined 
intemal 
no connect. 


•• These 
signals 
are intemally 
set arl'd are not connected 
to the Pentium 
OverDrive 
processor 
with MMX technology 
pins. The 
pins are defined 
as Intemal 
No-Connects. 
. 
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Table 
1. 320·Pln 
SPGA Pin Cross 
Reference 
by Pin Name (Continued) 


Vcc 


A07 
A19 


,,,%4'" 
_"" 


G37 
N01 
T34 
Y01 
AE01 
'¥lAJ29 
AN19 
,j;\t~92 


A09 
A21 
($}1:1$15]1 
J01 
N37 
U01 
Y37 
AE37 
AN09 
AN21 


A11 
A23 
Hi E21 
J37 
001 
U33 
AA01 
AG01 
AN11 
AN23 


.;;; 


A13 
A25 
'it ~Z. 
L01 
037 
U37 
AA37 
AG37 
AN13 
AN25 


A15 
A27 
E37 
L33 
801 
W01 
AC01 
i1A:J1'1 
AN15 
AN27 


A17 
A29 
G01 
L37 
837 
W37 
AC37 
AJ19 
AN17 
AN29 


Vss 


h, 
·A03 it 
B20 
i'IE23~' 
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V02 
AD02 
AJ17 
AM10 
AM26 


B06 
B22 
'i/~9 '" 
P02 
V36 
AD36 
AJ21 
AM12 
AM28 
e, 


B08 
B24 
kk'E31 
P36 
X02 
AF02 
'}:% 
AJ25 
£ 
AM14 
AM30 
, 
"'11h 


B10 
B26 
H02 
R02 
X36 
AF36 
AJZ7 
AM16 
AN37 


B12 
B28 
H36 
R36 
Z02 
AH02 
,: 
AJ:!,1 ::; 
AM18 
AL01 


B14 
':' 
E11'%"! 
K02 
T02 
Z36 
AJfJ7 
AJ37 
AM20 


B16 
E13 
K36 
T36 
AB02 
AJ09 
AL37 
AM22 


B18 
'%, E19 
M02 
U35 
AB36 
AJ13 
AM08 
AM24 


NCnNC 
VCC5 


A37 
E25 
833 
W33 
C01 
AJ23 
AN35 
AN01 


E17 
R34 
835 
W35 
AJ15 
AL19 
AN05 
AN03 


NOTE: 


The shaded VccNsslNC 
pins are new pin definitions 
(additions) 
on the Pentium<lt OverDrive<lt processor 
with MMXTM 


technology 
with the exception 
of A03 and 802. 
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A31-A3 
I/O 
As outputs, the address lines of the processor 
along with the byte enables 
define the physical area of memory or I/O accessed. 
The external system drives 
the inquire address to the processor 
on A31-A3. 


ADS# 
0 
The address status indicates that a new valid bus cycle is currently being driven 
by the Pentium OverDrive 
processor 
with MMX technology. 


ADSC# 
0 
ADSC# is functionally 
identical to ADS#. 


AHOLD 
I 
In response to the assertion 
of address 
hold, Pentium OverDrive 
processor 
with 
MMX technology 
will stop driving the address 
lines (A31-A3), and AP in the next 
clock. The rest of the bus will remain active so data can be returned or driven for 
previously 
issued bus cycles. 


AP 
I/O 
Address 
parity is driven by the Pentium OverDrive 
processor 
with MMX 
technology 
with even parity information 
on all the Pentium OverDrive 
processor 
with MMX technology 
generated 
cycles in the same clock that the address is 
driven. Even parity must be driven back to the Pentium OverDrive 
processor 
with MMX technology 
during inquire cycles on this pin in the same clock as 
EADS# to ensure that correct parity check status is indicated 
by the Pentium 
OverDrive 
processor 
with MMX technology 


APCHK# 
0 
The address 
parity 
check 
status pin is asserted 
two clocks after EADS# is 
sampled active if the Pentium OverDrive 
processor 
with MMX technology 
has 
detected a parity error on the address 
bus during inquire cycles. APCHK# 
will 
remain active for one clock each time a parity error is detected 
(including 
during 
dual processing 
private snooping). 


[APICEN] 
I 
The APIC is not supported 
by the Pent/um OverDrive 
processor 
with MMX 
PICDl 
technology. 


BE7#-BE5# 
0 
The byte enable 
pins are used to determine 
which bytes must be written to 
BE4#-BEO# 
I/O 
external memory, or which bytes were requested 
by the CPU for the current 
cycle. The byte enables are driven in the same clock as the address 
lines 
(A31-3). 


[BF] 
I 
Bus Frequency 
determines 
the bus-to-core 
frequency 
ratio on the Pentiurn 


[BF1] 
processor. 
These are Intemal No Connects 
on the Pent/um OverDrive 
processor 
with MMX technology 
which has a preset bus fraction of 5/2 for 166- 
MHz OverDrive 
Processor 
and 3/1 for 200-MHz 
OverDrive 
Processor 
coreJbus 
ratio. 
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Table 2. Quick 
Pin Reference 
(Continued) 


Symbol 
Type 
Name and Function 


BOFF# 
I 
The backoff input is used to abort all outstanding 
bus cycles that have not yet 
completed. 
In response to BOFF#, the Pentium OverDrive 
processor 
with MMX 
technology 
will float all pins normally floated during bus hold in the next clock. 


The processor 
remains in bus hold until BOFF# is negated, 
at which time 
Pentium OverDrive 
processor 
with MMX technology 
restarts the aborted bus 
cycle(s) in their entirety. 


BP[3:2) 
0 
The breakpoint 
pins (BP3-0) correspond 
to the debug registers, 
DR3-DRO. 


PMlBP[1:0) 
These pins externally 
indicate a breakpoint 
match when the debug registers are 
programmed 
to test for breakpoint 
matches. 


BP1 and BPO are multiplexed 
with the performance 
monitoring 
pins (PM1 and 
PMO). The PB1 and PBO bits in the Debug Mode Control Register determine 
if 
the pins are configured 
as breakpoint 
or performance 
monitoring 
pins. The pins 
come out of RESET configured 
for performance 
monitoring. 


BRDY# 
I 
The burst ready input indicates that the extemal system 
has presented 
valid 
data on the data pins in response to a read or that the extemal system has 
accepted 
the Pentium OverDrive 
processor 
with MMX technology 
data in 
response to a write request. This signal is sampled 
in the T2, T12 and T2P bus 
states. 


BRDYC# 
I 
This signal has the same functionality 
as BRDY#. 


BREQ 
0 
The bus request output indicates to the extemal 
system that Pentium OverDrive 
processor 
with MMX technology 
has internally generated 
a bus request. This 
signal is always driven whether or not the Pentium OverDrive 
processor 
with 
MMX technology 
is driving its bus. 


BUSCHK# 
I 
The bus check 
input allows the system to signal an unsuccessful 
completion 
of 
a bus cycle. If this pin is sampled 
active, Pentium OverDrive 
processor 
with 
MMX technology 
will latch the address and control signals in the machine check 
registers. 
If, in addition, the MCE bit in CR4 is set, the Pentium OverDrive 
processor 
with MMX technology 
will vector to the machine 
check exception. 


CACHE# 
0 
For Pentium OverDrive 
processor 
with MMX technology-initiated 
cycles the 
cache pin indicates 
intemal cacheability 
of the cycle (if a read), and indicates a 
burst writeback 
cycle (if a write). If this pin is driven inactive during a read cycle, 


, 
Pentium OverDrive 
processor 
with MMX technology 
will not cache the returned 
data, regardless 
of the state of the KEN# pin. This pin is also used to qetermine 
the cycle length (number of transfers 
in the cycle). 


ClK 
I 
The clock input provides the fundamental 
timing for Pentium OverDrive 
processor 
with MMX technology. 
The clock frequency 
is the operating 
frequency 
of the Pentium OverDrive 
processor 
with MMX technology 
external 
bus and requires TTl 
levels. All external timing parameters 
except TDI, TDO, 


TMS, TRST#, and PICDO-1 are specified with respect to the rising edge of ClK. 


CPUTYP 
I 
CPUTYP 
is Internally lied to ground and Is a Internal No-Connect 
(INC) to the 
package pin on the Pent/um OverDrive 
processor 
with MMX technology. 
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Table 2. Quick Pin Reference 
(Continued) 


Name and Function 


1 
- 


Symbol 
Type 


D/C# 
0 
The data/code 
output is one of the primary bus cycle definition 
pins. It is driven 


valid in the same clock as the ADS# signal is asserted. 
D/C# distinguishes 


between data and code or special cycles. 


DIP# 
0 
The Pentium OverDrive 
processor 
with MMX technology 
does not support dual 


processing. 


063-00 
1/0 
These are the 64 data lines for the processor. 
Lines 07-00 
define the least 


significant 
byte of the data bus; lines 063-056 
define the most significant 
byte of 
the data bus. When the CPU is driving the data lines, they are driven during the 
T2, T12, or T2P clocks for that cycle. During reads, the CPU samples the data 
bus when BRDY# is returned. 


DP7-DPO 
1/0 
These are the data parity pins for the processor. 
There is one for each byte of 


the data bus. They are driven by Pentium OverDrive 
processor 
with MMX 


technology 
with even parity information 
on writes in the same clock as write 


data. Even parity information 
must be driven back to the Pentium OverDrive 
processor 
with MMX technology 
on these pins in the same clock as the data to 


ensure that the correct parity check status is indicated 
by the Pentium 
OverDrive 
processor 
with MMX technology. 
DP7 applies to 063-056, 
DPO 


applies to 07-00. 


[DPEN#] 
1/0 
The Pentlum OverDrive 
processor 
with MMX technology 
does not support dual 


PICDO 
processing. 


EADS# 
I 
This signal indicates that a valid external address 
has been driven onto the 


Pentium OverDrive 
processor 
with MMX technology 
address 
pins to be used for 


an inquire cycle. 


EWBE# 
I 
The external write buffer empty input, when inactive (high), indicates that a write 
cycle is pending in the extemal system. When Pentium OverDrive 
processor 


with MMX technology 
generates 
a write, and EWBE# is sampled 
inactive, the 


Pentium OverDrive 
processor with MMX technology 
will hold off all subsequent 


writes to all E- or M-state lines in the data cache until all write cycles have 
completed, 
as indicated by EWBE# being active. 


FERR# 
0 
The floating· point error pin is driven active when an unmasked 
floating-point 


error occurs. FERR# is similar to the ERROR# 
pin on the Intel387TM math 


coprocessor. 
FERR# is included for compatibility 
with systems 
using DOS-type 


floating-point 
error reporting. 


FLUSH# 
I 
When asserted, 
the cache flush input forces the Pentium OverDrive 
processor 


with MMX technology 
to write back all modified lines in the data cache and 
invalidate 
its internal caches. A Flush Acknowledge 
special cycle will be 
generated 
by the Pentium OverDrive 
processor 
with MMX technology 
indicating 


completion 
of the write back and invalidation. 


If FLUSH# is sampled 
low when RESET transitions 
from high to low, tristate test 


mode is entered, 


FRCMC# 
I 
The Pentium OverDrive 
processor 
with MMX technology 
does not support 
functional 
redundancy 
checking. 
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Table 2. Quick 
Pin Reference 
(Continued) 


Symbol 
Type 
Name and Function 


I-IT# 
0 
The hit indication 
is driven to reflect the outcome 
of an inquire cycle. If an inquire 


cycle hits a valid line in either Pentium OverDrive 
processor 
with MMX 
technology 
data or instruction 
cache, this pin is asserted 
two clocks after 


, I" 
EADS# is sampled 
asserted. 
If the inquire cycle misses the Pentium OverDrive 
processor 
with MMX technology 
cache, this pin is negated two clocks after 


EADS#. This pin changes 
its value only as a result of an inquire cycle and 
retains its value between the cycles. 


HITM# 
0 
The hit to a modified line output is driven to reflect the outcome of an inquire 
cycle. It is asserted after inquire cycles which resulted in a hit to a modified line 
in the data cache. It is used to inhibit another bus master from accessing 
the 
data until the line is completely 
written back. 


HLDA 
0 
The bus hold acknowledge 
pin goes active in response to a hold request driven 
to the processor 
on the HOLD pin. It indicates 
that Pentium OverDrive 
processor 
with MMX technology 
has floated most of the output pins and 


1 
relinquished 
the bus to another local bus master. When leaving bus hold, HLDA 
will be driven inactive and Pentium OverDrive 
processor 
with MMX technology 
will resume driving the bus. If the Pentium OverDrive 
processor 
with MMX 
technology 
has a bus cycle pending, it will be driven in the same clock that 


HLDA is de-asserted. 


HOLD 
I 
In response to the bus hold request, 
Pentium OverDrive 
processor 
with MMX 
technology 
will float most of its output and input/output 
pins and assert HLDA 
after completing 
all outstanding 
bus cycles. The Pentium OverDrive 
processor 
with MMX technology 
will maintain 
its bus in this state until HOLD is de- 
asserted. 
HOLD is not recognized 
during LOCK cycles. The Pentium OverDrive 


I 
processor 
with MMX technology 
will recognize 
HOLD during reset. 


IERR# 
0 
The internal error pin is used to indicate internal parity errors. If a parity error 
occurs on a read from an intemal array, the Pentium OverDrive 
processor 
with 


.. 
MMX technology 
will assert the IERR# pin for one clock and then shutdown . 


ICiNNE# 
I 
This is the Ignore numeric error input. This pin has no effect when the NE bit in 
CRO is set to 1. When the CRO.NE bit is 0, and the IGNNE# pin is asserted, 
the 


Pentium OverDrive 
processor with MMX technology 
will ignore any pending 
unmasked 
numeric exception 
and continue 
executing 
floating-point 
instructions 
for the entire duration that this pin is asserted. 
When the CRO.NE bit is 0, 


IGNNE# is not asserted, 
a pending unmasked 
numeric exception 
exists (SW.ES 


= 1), and the floating-point 
instruction 
is one of FINIT, FCLEX, FSTENV, 


FSAVE, FSTSW, 
FSTCW, 
FENI, FDISI, or FSETPM, 
the Pentium OverDrive 
, 
processor 
with MMX technology 
will execute the instruction 
in spite of the 
pending exception. 
When the CRO.NE bit is 0, IGNNE# is not asserted, 
a 
pending unmasked 
numeric exception 
exists (SW.ES = 1), and the floating-point 


instruction 
is one other than FIN IT, FCLEX, FSTENV, 
FSAVE, 
FSTSW, 


FSTCW, 
FENI, FDISI, or FSETPM, 
the Pentium OverDrive 
processor 
with MMX 


technology 
will stop execution and wait for an extemal 
interrupt. 
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Type 
Name and Function 


INIT 
I 
The Pentium OverDrive 
processor 
with MMX technology 
Initialization 
input pin 
forces the Pentium OverDrive 
processor 
with MMX technology 
to begin 
execution 
in a known state. The processor 
state after INIT is the same as the 
state after RESET except that the internal caches, write buffers, and floating- 
point registers retain the values they had prior to INIT. INIT may NOT be used in 
lieu of RESET after power up. 


If INIT is sampled high when RESET transitions 
from high to lOW,the Pentium 
OverDrive 
processor 
with MMX technology 
will perform built-in self test prior to 
the start of program execution. 


If\lTRlLINTO 
I 
An active maskable 
interrupt input indicates that an external interrupt has been 
generated. 
If the IF bit in the EFLAGS 
register is set, the Pentium OverDrive 
processor 
with MMX technology 
will generate two locked interrupt acknowledge 
bus cycles and vector to an interrupt handler after the current instruction 
execution 
is completed. 
INTR must remain active until the first interrupt 
acknowledge 
cycle is generated 
to assure that the interrupt is recognized. 


II\IV 
I 
The invalidation 
input determines 
the final cache line state (S or I) in case of an 


inquire cycle hit. It is sampled together with the address for the inquire cycle in 
the clock EADS# is sampled 
active. 


K=N# 
I 
The cache enable pin is used to determine 
whether the current cycle is 
cacheable 
or not and is consequently 
used to determine 
cycle length. When the 
Pentium OverDrive 
processor 
with MMX technology 
generates 
a cycle that can 
be cached (CACHE# 
asserted) 
and KEN# is active, the cycle will be 
transformed 
into a burst line fill cycle. 


LOCK# 
0 
The bus lock pin indicates that the current bus cycle is locked. Pentium 
OverDrive 
processor 
with MMX technology 
will not allow a bus hold when 
LOCK# is asserted 
(but AHOLD and BOFF# are allowed). 
LOCK# goes active 
in the first clock of the first locked bus cycle and goes inactive after the BRDY# 
is returned for the last locked bus cycle. LOCK# is guaranteed 
to be deasserted 
for at least one clock between 
back to back locked cycles. 


M/IO# 
0 
The memorylinput-output 
is one of the primary bus cycle definition 
pins. It is 
driven valid in the same clock as the ADS# signal is asserted. 
M/IO# 
distinguishes 
between memory and I/O cycles. 


NA# 
I 
An active next address input indicates that the external memory system is ready 
to accept a new bus cycle although 
all data transfers for the current cycle have 
not yet completed. 
The Pentium OverDrive 
processor 
with MMX technology 
will 


issue ADS# for a pending cycle two clocks after NA# is asserted. 
The Pentium 
OverDrive 
processor 
with MMX technology 
supports 
up to 2 outstanding 
bus 
cycles. 


NI;IIIILINT1 
I 
The non-maskable 
interrupt request signal indicates that an external non- 
maskable 
interrupt has been generated. 


pliGNT# 
1/0 
The Pentium "OverDrive processor 
with MMX technology 
does not support dual 


processing. 


Table 2. Quick Pin Reference 
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Table 2. Quick Pin Reference 


Symbol 
Type 


PCD 
o 


Name and Function 


The page cache disable pin reflects the state of the PCD bit in CR3, the Page 
Directory 
Entry, or the Page Table Entry. The purpose of PCD is to provide an 
external cacheability 
indication 
on a page by page basis. 


PCHK# 
o 
The parity check output indicates the result of a parity check on a data read. It i!> 
driven with parity status two clocks after BRDY# is returned. 
PCHK# remains 
low one clock for each clock in which a parity error was detected. 
Parity is 
checked 
only for the bytes on which valid data is returned. 


PEN# 


. 


The parity enable input (along with CR4.MCE) 
determines 
whether a machine 
check exception 
will be taken as a result of a data parity error on a read cycle. If 


this pin is sampled 
active in the clock a data parity error is detected, 
the 
Pentium OverDrive 
processor 
with MMX technology 
will latch the address 
and 
control signals of the cycle with the parity error in the machine check registers . 
If, in addition, the machine check enable bit in CR4 is set to "1", the Pentium 
OverDrive 
processor 
with MMX technology 
will vector to the machine 
check 


exception 
before the beginning 
of the next instruction. 


PHIT# 
1/0 


P-IITM# 
110 


PiCCtK 
I 


+. 


PIC[)(}''t 
1 110 


(DPEN*) 
[Af'ICEN] 


PI~REQ# 
% 
I/O 


~i 
~ 
'% 


PM/BP[1:0] 
0 


B The Pentlom OverDrive 
processor 
with MMX technology 
does not support dual 


processing. 
!\'t 
tJll' 


@ TIle Pentll,!m QyerDriveprocessor 
with MMX technology 
does not support dual 
processing. 


Thjil Pentlum Ove;()rt...~~e~'r 
with MMX technology 
does not support dual 


~ prOcessing. 
..~ 
& 


Tlfe Pentlum OVerDrive processor 
with MMX technology 
does not s~pport dual 


,p~~n9. 
~ 


The Pentlum OVerDrive 'Processor wltb MMX technology 
does not support dual 


~ processing. 
.'% 
h¥ 
\i)il,' 
~1' 


These pins function as part of the performance 
monitoring 
feature. 


The breakpoint 
1-0 pins are multiplexed 
with the performance 
monitoring 
1-0 
pins. The PB1 and PBO bits in the Debug Mode Control Register determine 
if the 
pins are configured 
as breakpoint 
or performance 
monitoring 
pins. The pins 
come out of RESET configured 
for performance 
monitoring. 


PRDY 
o 
The probe ready output pin Indicates that the processor 
has stopped normal 


execution 
In response to the R/S# pin going active, or Probe Mode being 
entered. 


PWT 
o 
The page write through pin reflects the state of the PWT bit in CR3, the Page 
Directory 
Entry, or the Page Table Entry. The PWT pin is used to provide an 
external writeback 
indication on a page by page basis. 


R/S# 
The run I stop input is an asynchronous, 
edge sensitive 
interrupt used to stop 
the normal execution 
of the processor and place it into an idle state. A high to 
low transition 
on the R/S# pin will interrupt the processor 
and cause it to stop 
execution 
at the next instruction 
boundary. 
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Table 2. Quick 
Pin Reference 


Symbol 
Type 
Name and Function 
- 
~~ 


RESET 
I 
RESET forces the Pentium OverDrive 
processor 
with MMX technology 
to begin 


execution 
at a known state. All Pentium OverDrive 
processor 
internal caches 
will be invalidated 
upon the RESET. Modified lines in the data cache are not 


written back. FLUSH#, and INIT are sampled when RESET transitions 
from high 


to low to determine 
if tristate test mode mode will be entered, or if BIST will be 
run. 


SCYC 
0 
The split 
cycle 
output is asserted during misaligned 
LOCKed transfers to 
indicate that more than two cycles will be locked together. 
This signal is defined 
for locked cycles only. It is undefined 
for cycles which are not locked. 


SMI# 
I 
The system 
management 
Interrupt 
causes a system management 
interrupt 


request to be latched intemally. 
When the latched SMI# is recognized 
on an 


instruction 
boundary, 
the processor 
enters System Management 
Mode. 


SMIACT# 
0 
An active system 
management 
interrupt 
active 
output indicates that the 
processor 
is operating 
in System Management 
Mode (SMM). 


STPCLK# 
I 
Assertion 
of the stop clock 
input signifies a request to stop the intemal clock of 


the Pentium OverDrive 
processor 
with MMX technology 
thereby causing the 


core to consume 
less power. When the CPU recognizes 
STPCLK#, 
the 
processor 
will stop execution 
on the next instruction 
boundary, 
unless 
superseded 
by a higher priority interrupt, and generate a stop grant 
acknowledge 
cycle. When STPCLK# 
is asserted, 
the Pentium OverDrive 
processor 
with MMX technology 
will still respond to external snoop requests. 


TCK 
I 
The testability 
clock 
input provides the clocking function for Pentium OverDrive 


processor 
with MMX technology 
boundary 
scan in accordance 
with the IEEE 


Boundary 
Scan interface 
(Standard 
1149.1). It is used to clock state information 
and data into and out of the Pentium OverDrive 
processor 
with MMX technology 


during boundary 
scan. 


TDI 
I 
The test data input 
is a serial input for the test logic. TAP instructions 
and data 
are shifted into the Pentium OverDrive 
processor 
with MMX technology 
on the 


TDI pin on the rising edge of TCK when the TAP controller 
is in an appropriate 


state. 


TDO 
0 
The test data output 
is a serial output of the test logic. TAP instructions 
and 


data are shifted out of Pentium OverDrive 
processor 
with MMX technology 
on 


the TDO pin on TCK's falling edge when the TAP controller is in an appropriate 
state. 


TMS 
I 
The value of the test mode select input signal sampled at the rising edge of TCK 
controls the sequence 
of TAP controller 
state changes. 


THST# 
I 
When asserted, the test reset input allows the TAP controller to be 
asynchronously 
initialized. 


VCC2 
I 
These 28 power 
inputs are defined separately 
so they may be used in a split 
voltage plane motherboard 
design. These pins must 
be supplied with 3.3V for 
the Pentium OverDrive 
processor 
with MMX technology 
to function. 
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Table 2. Quick Pin Reference 
(Continued) 


Symbol 
Type 
Name and Function 


VCC3 
I 
These 32 power inputs must be connected 
to 3.3V in either single or split 


voltage 
systems. 


Vccs 
I 
The Pentium OverDrive 
processor 
with MMX technology 
has two 5V power 


inputs. 


Vss 
I 
The Pentium OverDrive 
processor 
with MMX technology 
has 68 ground inputs. 


W/R# 
0 
Write/read 
is one of the primary bus cycle definition 
pins. It is driven valid in the 


same clock as the ADS# signal is asserted. 
W/R# distinguishes 
between write 
and read cycles. 


W8/WT# 
I 
The wrltebacklwritethrough 
input allows a data cache line to be defined as 


writeback 
or writethrough 
on a line by line basis. As a result, it determines 
whether a cache line is initially in the S or E state in the data cache. 


NOTE: 
11l1.gjl!!gflJiit1t~. ~~~nqMl!~~~n!l~overQ~plQq~~(.w!ttLMM~ 
t~''"''n-QlQ9Yi'---,''''_'''''' 
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2,4. 
Pin Descriptions 


2,4.1. 
INPUT PINS 


Table 3. Input 
Pins 


Synchronous/ 
Internal 
Name 
Active 
Level 
Asynchronous 
Resistor 
aualified 


A20M# 
Low 
Asynchronous 


I 
AHOLD 
High 
Synchronous 
I 


BF 
N1A 
Synchronous/RESET 
Puildown 


BF1 
N/A 
Synchronous/RESET 
Pullup 


BOFF# 
Low 
Synchronous 


BRDY# 
Low 
Synchronous 
Bus State T2,T12,T2P 


BRDYC# 
Low 
Synchronous 
Pullup 
Bus State T2,T12,T2P 


BUSCHK# 
Low 
Synchronous 
Pullup 
BRDY# 


CLK 
nla 


11 
CPUTYP 
N1A 
SynchronousJRESET 
Pulldown 


EADS# 
Low 
Synchronous 


EWBE# 
Low 
Synchronous 
BRDY# 


FLUSH# 
Low 
Asynchronous 


FRCMC# 
N1A 
Asynchronous 
Pullup 


HOLD 
High 
Synchronous 


lGNNE# 
Low 
Asynchronous 


INIT 
High 
Asynchronous 


INTR 
High 
Asynchronous 


INV 
High 
Synchronous 
EADS# 


KEN# 
Low 
Synchronous 
First BRDY#/NA# 


NA# 
Low 
Synchronous 
Bus State T2,TD,T2P 


NMI 
High 
Asynchronous 


I~PICCLK 
N1A 
Asynchronous 
Pullup 


\ 


PEN# 
Low 
Synchronous 
BRDY# 


R/S# 
n/a 
Asynchronous 
Pullup 
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Table 3. Input 
Pins (Continued) 


Synchronous! 
Internal 
Name 
Active 
Level 
Asynchronous 
Resistor 
aualified 


RESET 
High 
Asynchronous 


SMI# 
Low 
Asynchronous 
Pullup 


STPCLK# 
Low 
Asynchronous 
Pullup 


TCK 
n/a 
Pullup 


TDI 
n/a 
SynchronousfTCK 
Pullup 
TCK 


I' 
TMS 
n/a 
SynchronousfTCK 
Pullup 
TCK 


11 
TRST# 
Low 
Asynchronous 
Pullup 


WBIWT# 
n/a 
Synchronous 
First BRDY#/NA# 


NOTE: 


signals are original Pentiuifle processor 751901100112blf33l1501166 
MHi signals and are not supported by the 
erDrlv~prot;essor 
ith_MMX11oI 
echno!Qgy~,,". 
' 
_ 
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2.4.2. 
OUTPUT 
PINS 


Table 4 Output 
Pins 
I 
- , 
, 


Name 
Active 
Level 
When 
Floated 


AOS# 
Low 
Bus Hold, BOFF# 


AOSC# 
Low 
Bus Hold, BOFF# 


APCHK# 
Low 


BE7#-BES# 
Low 
Bus Hold, BOFF# 


BREQ 
High 


CACHE# 
Low 
Bus Hoid, BOFF# 


~ 
oipllit'i+ 
h14'4: 
n/a 
'''''iV 
\1%1 
'iJ!W 
"% 


)! 


FERR# 
Low 


HIT# 
Low 


HITM# 
Low 


HLOA 
High 


IERR# 
Low 


LOCK# 
Low 
Bus Hold, BOFF# 


M/IO# , O/C# , W/R# 
n/a 
Bus Hold, BOFF# 


PCHK# 
Low 


BP3-2, PM1/BP1, 
PMO/BPO 
High 


PROY 
High 


PWT, PCO 
High 
Bus Hold, BOFF# 


SCYC 
High 
Bus Hold, BOFF# 


SMIACT# 
Low 


TOO 
n/a 
All states except Shift-OR and Shift-IR 


NOTES: 


All output 
pins 
are floated 
during 
tristate 
test 
mode 
(except 
TOO). 


'Signals 
are originaIPenHiJl"~ 
processor 
signals and are not used by thePentium 
OverDrivee 
processor 
with MMXTM 


technology. 
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2.4.3. 
INPUT/OUTPUT 
PINS 


Table 5. Input/Output 
Pins 


Active 
Qualified 
Internal 
Name 
Level 
When 
Floated 
(When an Input) 
Resistor 


A31-A3 
n/a 
Address 
hold, Bus Hold, BOFF# 
EAOS# 


AP 
n/a 
Address hold, Bus Hold, BOFF# 
EAOS# 


BE4#-BEO# 
Low 
Bus Hold, BOFF# 
RESET 
Pulldown 


063-00 
n/a 
Bus Hold, BOFF# 
BROY# 


OP7-0PO 
n/a 
Bus Hold, BOFF# 
BROY# 


~tOO[~rEr'H#l 
fA 
w @, 
# 
\?:w 
't 
,@i. 
n 
~~1 i' 


Pullup 


PICD1 [APICEN} 
, 
" 
Pulldown 


Table 6. Interprocessor 
VO Pins 


Name 
Active 
Level 
Internal 
Resistor 


t 
,,$ 
PHIT# 
if41J 
'w 
n/a 


'" 
ti 
41&1> pU,!!PP 
,'. 
11 
,,, 
<r; 
6' 


PHITM# 
n/a 
. 
Pullup 


PBGNT# 
n/a 
Pullup 


'Tt 
~) PB!;lEQ#)~ 
i01~ 
,~n/a 
[Ilc 
~'IG{; 
Pullup 


NOTE: 


Signals 
are original 
Pentium· 
processor 
signals and are not used by the Pentium 
OverOrive· 
processor 
with MM)(TM 
~'n~~' __~~ 
__~" 
H- 
•__ ._~ 
• 
~ 
~A~~ 
__ 
~, 
_ 
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MaSK 
A20M# 
• 


Data Bus 
D63-DO 


Address 
Parity 
AP, APCHK# 


Data Parity 
DP7-DPO, PCHK#, 
PEN# 


Internal Parity Error 
IERR# 


System 
Error 
BUSCHK# 


Bus Cycle Definition 
MlIO#, D/C#, W/R#, CACHE#, 
SCYC, LOCK# 


Bus Control 
, 


ADS#,ADSC#,BRDY#,BRDYC#,NA# 


Page Cacheability 
PCD, PWT 


Cache Control 
KEN#, WBIWT# 


Cache Snooping/Consistency 
AHOLD, 
EADS#, HIT#, HITM#, INV 


Cache Flush 
FLUSH# 


Write Ordering 
EWBE# 


Bus Arbitration 
BOFF#, BREQ, HOLD, HLDA 


Interrupts 
INTR, NMI 


Floating-Point 
Error Reporting 
FERR#, IGNNE# 


System Management 
Mode 
SMI#, SMIACT# 


TAP Port 
TCK, TMS, TDI, TDO, TRST# 


Breakpoint/Performance 
Monitoring 
PMOIBPO, PM1/BP1, 
BP3-2 


Clock Control 
STPCLK# 


Probe Mode 
RIS#, PRDY 
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Table 8. Pin Functional 
Groupings 
Not Supported 
by 
Pentiume 
OverDrive- 
Processor 
with 
MMXTM Technology 


Function 
Pins 


'~rIC 
Support 
PICCLK, 
PICDO-1 


C~aI Processing 
Private Bus Control 
PBGNn, 
PBREQ#. 
PHln, 
PHITM# 


.F.Lnctional Redundancy 
Checklng 
FRCMC# 


- 


N,lscaUaneous Dual Processing 
CPUTYP, 
DIP# 


$,e~ecution Tracing 
BT3-8TO,IU,IV,18T 


3.0. 
COMPONENT 
OPERATION 


3.1. 
Core to Bus Ratio for Higher 
Speed 


The 
Pentium 
OverDrive 
processor 
with 
MMX 


technoloqy 
incorporates 
an intemal Phase Lock Loop 


(PLL) 
and 
clock 
multiplier 
to 
generate 
the 
higher 


internal 
speeds. 
This 
allows 
the 
internal 
processor 
cere 
to 
operate 
synchronously 
and 
at 
higher 


fruquencles 
than the external bus. 


On the 200/180-MHz 
Pentium 
OverDrive 
processor 
with MMX technology. 
the bus fraction 
configuration 
will be preset to 3/1 internally 
and 
166-MHz 
to 5/2. 


SEteTable 9 for details. 


Table 9. Core/Bus 
Frequencies 


Internal 
Bus 
Replaces 
Speed 
Speed 
(Core/Bus) 


150-MHz 
50-MHz 
75/50-MHz 


180-MHz 
60-MHz 
90/60-MHz 


120/60-MHz 


150/60-MHz 


166-MHz 
66-MHz 
100/66-MHz 


133/66-MHz 


200-MHz 
66-MHz 
100/66-MHz 


133/66-MHz 
. 
. 
166/66-MHz 
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3.2. 
HardwareInterface Differences 


The 
Pentium 
OverDrive 
processor 
with 
MMX 


technology 
is 
pin-for-pin 
compatible 
with 
the 


respective 
original 
Pentium 
processors. 
except 
for 


. the additional 
pins defined by Socket 
5 and 7 for the 


Pentium OverDrive 
processor 
with MMX technology. 


Some minor differences 
are discussed 
in this section 


and 
are 
referenced 
in tables 
in previous 
section. 


These 
differences 
represent 
features 
that 
are 
not 


required for an end-user CPU upgrade. 


3.2.1. 
CPUTYP 
SIGNAL 


The 
Pentium 
OverDrive 
processor 
with 
MMX 


technology 
CPUTYP 
signal 
is 
internally 
tied 
to 


ground 
and 
the 
signal 
pin 
on 
the 
package 
is an 


internal 
no-connect 
(INC). 
The 
original 
Pentium 


processor 
must 
be 
removed 
for 
the 
Pentium 


OverDrive 
processor 
with 
MMX 
technology 
to 
function property. 


3.3. 
Processor Initialization 


3.3.1. 
POWER 
UP SPECIFICATION 


The 
Pentium 
OverDrive 
processor 
with 
MMX 
technology 
will 
boot 
like 
the 
respective 
original 


Pentium 
processors. 
If 
the 
Pentium 
OverDrive 


processor 
with 
MMX 
technology 
is 
installed 
in 
a 


second 
socket 
of dual 
socket 
system 
the 
primary 
CPU 
must be removed 
or the system 
will not boot 


properly. 
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3.3.2. 
TEST AND CONFIGURATION 
FEATURES 
(BIST, FRC, TRISTATE 
TEST MODE) 


The 
Pentium 
OverDrive 
processor 
with 
MMX 
technology 
will execute 
the Built In Self Test (BIST) 
and 
Tristate 
Test 
Mode 
same 
as 
the 
respective 
original 
Pentium 
processor. 
Functional 
Redundancy 
Checking 
is not supported. 


3.3.3. 
INITIALIZATION 
WITH RESET, INIT 
AND BIST 


The 
Pentium 
OverDrive 
processor 
with 
MMX 
technology 
handling of RESET, INIT, and the Built In 
Self Test (BIST) is the same as the original 
Pentium 
processors. 
The 
register 
states 
after 
RESET, 
INIT, 
and 
BIST 
are 
same 
as 
the 
original 
Pentium 
processors. 
For further information 
refer to Section 8 
in this datasheet. 


3.4. 
Instruction 
Differences 


The 
Pentium 
OverDrive 
processor 
with 
MMX 


te.chnology 
is 
100% 
compatible 
with 
the 
Pentium 
processor 
(75·200). 
Two additions 
have been made. 
The 
57 
instructions 
that 
comprise 
the 
MMX 
Technology 
Instruction 
set and the 
RDPMC 
(Read 
Performance 
Monitoring 
Counter) 
instruction. 
These 
new instructions 
are an added 
feature 
and will not 


impact 
the use of the upgraded 
system 
in anyway 
unless specifically 
used. 


3.4.1. 
MMXTM TECHNOLOGY 
EXTENSIONS 
TO THE INTEL ARCHITECTURE 


Intel's 
MMX technology 
is an extension 
to the Intel 
architecture 
which 
provides 
for 
additional 
performance 
for 
multimedia 
and 
communications 
applications. 
Intel 
processors 
that 
include 
this 
technology 
are still 100% compatible 
with all "scalar" 
Intel 
processors. 
This 
means 
that 
all 
existing 
software 
that 
runs on existing 
Intel processors 
will 
continue 
to 
run 
(without 
modification) 
on 
an 
Intel 
processor 
that incorporates 
MMX technology. 


Intel's 
MMX 
technology 
uses 
a 
SI MD 
(Single 
Instruction, 
Multiple 
Data) 
tecnique 
to 
speedup 
multimedia 
and 
communications 
software 
by 
processing 
multiple 
data 
elements 
in parallel. 
The 
MMX instruction 
set all 57 new opcodes 
and a new 


5-130 


int"et 


64·bit quadword 
type. The new 64·bit data type holds 
packed integer values. 
These 
packed 
integer values 
can be 8 bytes, 4 words, or 2 douole-words. 


The 
Pentium 
OverDrive 
processor 
with 
MMX 
technology 
includes 
the 
MMX 
instruction 
set 
as 
defined by the Intel Architecture 
MMXTM Technology 
Programmers 
Reference 
Manual 
(Order 
#243007) 


and 
the 
Intel 
Architecture 
MMXTM 
Technology 


Developer's 
Manual 
(Order 
#243006). 
Software 
can 
determine 
that the system 
has been upgraded 
to a 
Intel 
Architecture 
processor 
that 
supports 
MMX 
technology 
via the CPUID instruction. 


3.4.2. 
RDPMC 
(READ PERFORMANCE 
MONITORING 
COUNTER) 


RDPMC 
will 
enable 
the 
user 
to 
only 
READ 
the 
performance 
monitoring 
counters. 


3.5. 
CPUID 


The CPUID 
instruction 
allows 
software 
to determine 
the type and features 
of the microprocessor. 
When 
executing 
the 
CPUID 
instruction 
the 
Pentium 
OverDrive 
processor 
with MMX technology 
behaves 
like the original 
Pentium processors: 


• 
If the value in EAX is '0' then the 12·byte 
ASCII 
string "Genuinelntel" 
(little endian) 
is returned 
in 
EBX, 
EDX, and 
ECX. Also, 
a '1' is returned 
in 
EAX. 


• 
If the 
value 
in EAX 
is '1' then 
the 
processor 
version 
is returned 
in EAX 
and 
the 
processor 
capabilities 
are returned 
in EDX. The values 
of 
EAX 
and 
EDX 
for 
the 
Pentiuml!> OverDrivel!> 
processor 
with 
MMXTM technology 
are 
given 
below. 


• 
If the value in EAX is neither '0' nor '1', Pentium 
OverDrive 
processor 
with 
MMX 
technology 
writes '0' to all registers or is undefined. 


The 
stepping 
field 
has 
the 
same 
format 
as 
the 
.original 
Pentium 
processor 
and will be the same for 
the 
Pentium 
OverDrive 
processor 
with 
MMX 
technology. 
The 
Pentium 
OverDrive 
processor 
with 
MMX technology 
will have a unique 
CPUID from the 
original 
Pentium 
processor 
and 
the 
Pentium 
processor 
with MMX technology 
(154xH 
Vs. 052xH 
and 054xH). The type field is defined in Table 11. 
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Table 
10. EAX Bit Values 
Definition 
for CPUID 


CPU 
31 •••14 
13•••12 
11•..8 
7•••4 
3•••0 


Field Definition 
(reserved) 
type 
family 
model 
stepping 


Pentiuml!!>processor 
(75, 90, 100) 
(reserved) 
Table 11 
5H 
2H 
varies 


Pentium processor 
with MMXTM 
(reserved) 
Table 11 
5H 
4H 
varies 
technology 
(166, 200, 233-MHz) 


Pentium OverDrivel!!> processor 
with 
(reserved) 
Table 11 
5H 
4H 
varies 
MMX technology 


Table 
11. EAX Bit Values 
Definition 
for Processor 
Type 


Bit 13 
Bit 12 
Processor 
Type 


0 
0 
Primary Pentiuml!!>processor 


0 
0 
Primary Pentium processor 
with MMX" 
technology 


0 
1 
Pentium OverDrivee 
processor 
with MMX technology 


1 
0 
Dual Pentium processor" 


1 
1 
Reserved 
. 
- 


NOTE: 


• The Pentiume 
OverDrivee 
processor 
with MMXTM 
technology 
does not support 
Dual Processing 
mode. 
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FAN 


HEATSINK 


CERAMIC PGA or SPGA 
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Figure 6. PentiumeOverDrive- Processor with MMXTM Technology with FanlHeatsink 


3.6. 
On-PackageFanlHeatsink 


The on-package 
fan/heatsink 
included with the 
Pentium OverDrive processor with MMX technology 
requires different stress ratings than the original 
Pentium processor. The fan is a detachable unit, 
and the storage temperature is stated separately 
in Table 12. Operation of the Pentium OverDrive 
processor with MMX technology is defined at TA = 
10°C to 45°C. 
The fan/heatsink 
is 
shown 
in 


Figure 6, 


3.7. 
On-PackageVoltage Regulator 


The 
Pentium 
OverDrive 
processor 
with 
MMX 


technology has an on-package voltage regulator to 
supply 2,8 volts to the processor core, This allows 
the 
Pentium 
OverDrive 
processor 
with 
MMX 


technology to function in a 3.3 volt only system. 


3.8. 
Cache Support 


The 
Pentium 
OverDrive 
processor 
with 
MMX 


technology has an enhanced internal cache (2x16KB 
Total, 4 way set-associative Code and Data caches, 
each with improved TLBs) and will support the L2 
caches supported by the Pentium processor (75- 
200), The Pentium OverDrive processor with MMX 
technology 
supports 
the 
Intel 
82430 
chipsets. 
Chipsets with 
5V signal 
levels, 82497/82492 
cache controller, and the 82498/82493 cache 
controller are not supported by the Pentium 
OverDriveprocessor with MMX technology. 


3.9. 
Code Prefetch Queue and 
Branch Target Buffers 


Code should not be written to rely on the specific 
code 
prefetch 
queue 
or 
branch 
target 
buffer 


mechanism of a particular processor. With each new 
generation 
and 
family 
of 
processors, 
these 
mechanismsare subject to change. 


3.10. 
VO Buffers 


The 
Pentium 
OverDrive 
processor 
with 
MMX 


technology 
buffer 
models 
comply 
with 
the 


specifications for the buffer model for the respective 
original Pentium processor. The circuit topology is 
the same and the ranges of values in the Pentium 
OverDrive processor with MMX technology modei 
are within the original Pentium processor ranges. The 
buffer models used by the 
Pentium OverDrive 
processor with MMX technology accurately model 
flight time and signal quality. 


3.11. 
Test Register Access 


The 
Pentium 
OverDrive 
processor 
with 
MMX 
technology have test registers which allow testing of 
different areas of the processor. These test registers 
are called Model Specific Registers (MSR). These 
MSR's 
are 
accessed 
using 
the 
RDMSR 
and 
WRMSR instructions, 
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4.0. 
BIOS AND SOFTWARE 


The 
Pentium 
OverDrive 
processor 
with 
MMX 
technology 
is 
a 
drop-in 
replacement 
for 
the 
respective 
original 
Pentium 
processor. 
BIOS 
changes are not normally necessary but might be 
required. Please call Intel Technical Support hotline if 
assistance is required. Pentium OverDrive processor 
with MMX technology is 100% backward software 
compatible with their respective original Pentium 
processors. 


5.0. 
ELECTRICAL SPECIFICATIONS 


This section describes the 
electrical differences 
between the Pentium processor (75-200) and the 
Pentium OverDrive processor with MMX technology. 
The 
Pentium 
OverDrive 
processor 
with 
MMX 


technology requires 3.3 volts to power the processor. 
The voltage to the socket is 3.3 volt and is converted 
by an on-package voltage regulator to' the proper 
voltage for the processor's internal core voltage 
plane. The internal 3.3 volt 1/0 plane is powered from 
the socket to the processor. The Pentium OverDrive 
processor with MMX technology looks like a 3.3 volt 
device extemally. 


5.1. 
Power and Ground 


For clean on-Chip power distribution, the Pentium 
OverDrive processor with MMX technology in an 
SPGA package has 60 vcc 
(power) and 68 Vss 


(ground) inputs. The 28 VCC2pins are connected 
internallyto a power plane that provides power to the 
on-package voltage regulator for the core supply. 
The 32 VCC3 pins are connected internally to a 
separate power plane that provides power to the 1/0 
buffers. Power and ground connections must be 
made to all external Vcc and Vss pins of the Pentium 
OverDrive processor with MMX technology. On the 
circuit board all vcc pins must be connected to a 
3.3V vcc plane. All Vss pins must be connected to a 
Vss plane. 


The 
Pentium 
OverDrive 
processor 
with 
MMX 


technology pinout contains two 5V Vcc pins (Vccs) 
used to provide power to the fan/heatsink. These 
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pins should be connected to +5 volts ±5% regardless 
of the system design. 


5.2. 
Decoupling Recommendations 


Decoupling recommendation for the original Pentium 
processor apply to the Pentium OverDrive processor 
with 
MMX technology 
upgradable systems 
and 


capacitors should 
be placed near 
the 
Pentium 


. OverDrive processor with 
MMX technology. The 


Pentium OverDrive processor with MMX technology 
can cause transient power surges, particularly when 
driving 
large 
capacitive 
loads. 
The 
Pentium 


OverDrive 
processor with 
MMX technology 
are 


shipped with adequate decoupling capacitors on the 
package to limit transients in excess of Pentium 
processors tolerance. It is recommended to follow 
the 
original 
Pentium processor 
specification 
for 


decoupling recommendations. 


5.3. 
Other Connection 
Recommendations 


For reliable operation, always connect unused inputs 
to an appropriate signal level. Unused active low 
inputs should be connected to vcc. Unused active 
high inputs should be connected to ground. All NC 
pins must remain unconnected. 


5.4. 
Absolute Maximum Ratings 


The tables in this section provide environmental 
stress ratings for the Pentium OverDrive processor 
with MMX technology. Functional operation at the 
absolute maximum and minimum is not implied or 
guaranteed. Extended exposure to 'maximum ratings 
may 
affect 
device 
reliability. 
Furthermore, 


precautions should be taken to avoid high static 
voltages and electric fields to prevent static electric 
discharge. 
Stressing 
the 
device 
beyond 
the 
"Absolute Maximum Ratings" may cause permanent 
damage. The tables contain stress ratings only. 
Operation beyond the "Operating Conditions" is not 
recommended and extended exposure beyond the 
"Operating Conditions" may effect device reliability. 
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Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


Storage Temperature 
-40 
+125 
QC 


Case Temperature 
Under Bias 
-40 
+110 
QC 


VCC3 
3.3 V Supply Voltage with respect to Vss 
-0.5 
+4.6 
V 


Vccs 
5 V Supply Voltage with respect to Vss 
-0.5 
6.5 


: 
V 


VIN 
3.3 V Only Buffer DC Input Voltage 
-0.5 
Vcc3+0.5V 
V 
(2) 
not to exceed 
4.6VMAX 


VINSB 
5.0V Safe Buffer DC Input Voltage 
-0.5 
+6.5 
V 
(1) (3) 


Table 
12. Absolute 
Maximum 
Ratings 
without 
FanlHeatsink 


NOTES: 


1. 
Applies 
to the CLK and PICCLK. 


2. 
Applies 
to all Pentium8 
OverDrive8 
processor 
with MMXTM technology 
inputs except CLK and PICCLK. 


3. 
See overshooVundershoot 
transient 
specification 
in the Pentiurrf8 Family 
User's Manual, 
Volume 
1. 


Table 13 Absolute 
Maximum 
Ratings 
for FanlHeatsink 
Oniy 
I 


Parameter 
Min 
Max 
Unit 
Notes 


Fan: 


Storage Temperature 
-40 
70 
°C 


Case Temperature 
Under Bias 
-5 
60 
°C 


Vccs 
5V Fan Supply Voltage with Respect to Vss 
-0.5 
6.5 
V 
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5.5. 
D.e. Specifications 
MMX 
technology 
voltage 
specification 
are 
VCC3 = 
3.135V to 3.6V and Vccs = 5V ±S%. 
The 
Pentium 
OverDrive 
processor 
with 
MMX 
technology 
will have compatible 
D.C. specifications 
to the 
original 
Pentium 
processor. 
except 
for 
lee 
(Power 
Supply 
Current) 
and 
lees 
(Fan/Heatsink 
Current). 
The 
Pentium 
OverDrive 
processor 
with 


Table 14 lists the D.C. specifications 
which 
apply to 
the 
Pentium 
OverDrive 
processor 
with 
MMX 
technology. 
The 
Pentium 
OverDrive 
processor 
with 
MMX technology 
requires 
a 3.3V power 
supply 
and 
3.3V 
input 
signals 
with 
the 
exception 
of CLK 
and 
signals which are 5V tolerant. 


Table 
14. 3.3V D.C. Specifications 


Vcc = 3.135V to 3.6V (See Notes 6. 7). TA = 10 to 45°C 


Symbol 
Parameter 
Mln 
Max 
Unit 
Notes 


Vll 
Input Low Voltage 
-0.3 
0.8 
V 
TTL Level (3) 


VIH 
Input High Voltage 
2.0 
vcc + 0.3 
V 
TTL Level (3) 


VOl 
Output Low Voltage 
0.4 
V 
TTL Level (1) (3) 


VOH 
Output High Voltage 
2.4 
V 
TTL Level (2) (3) 


Vus 
Input Low Voltage 
-0.3 
0.8 
V 
TTL Level (8) 


VIHS 
Input High Voltage 
2.0 
5.55 
V 
TTL Level (8) 


lees 
Fan/Heatsink 
Current 
200 
mA 


lees 
Power Supply Current 
4330 
mA 
@50/125 MHz (4)(5) 


4330 
mA 
@60/150 MHz (4)(S) 


4330 
mA 
@60/180 MHz (4)(5) 


4330 
mA 
@66/166 MHz (4)(5) 


5000 
mA 
@66/200 
MHz (4)(5) 


lees 
Fan/Heatsink 
Current 
200 
mA 


lccsa 
Standby 
450 
770 
mA 


NOTES: 


1. 
Parameter 
measured 
at 4 mA. 


2. 
Parameter 
measured 
at 3 mA. 


3. 
3.3volt TTl 
levels apply to all signals 
except ClK 
and PICClK. 


4. 
For worst case conditions: 
Vcc3+5% 
and TCASE= 10'e. 


5. 
Power supply 
transient 
response 
and decoupling 
capacitors 
must be sufficient 
to handle the current 
transients 
required 
when transitioning 
from standby 
to full power mode. 


6. 
Refer to Chapter 
23 in the Pentiurr@ 
Family 
User's Manual. 
Volume 1.for a listing of the remaining 
D.C. Specifications. 


7. 
The worst case ambient 
temperature 
is TA = 45' C. 


8. 
Applies 
to 5V safe inputs: 
ClK 
and PICClK. 
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Table 
15. 50-MHz 
Bus A.C. Specifications 
.- 
- 


3.135 < Vcc < 3.6V, TA = 10 to 45°C, CL = 0 pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


Frequency 
25.0 
50.0 
MHz 
Max core Freq = 
125 MHz @ 2/5 


tla 
ClK 
Period 
20.0 
40.0 
nS 
7 
. 


Ilb 
ClK 
Period Stability 
±250 
pS 
7 
Adjacent 
Clocks, 


(1), (25) 


ta 
ClK 
High Time 
4.0 
nS 
7 
@2V,(1) 


13 
ClKlowTime 
4.0 
nS 
7 
@0.8V, (1) 


4 
ClK 
Fall Time 
0.15 
1.5 
nS 
7 
(2.0V-0.8V), 
(1) 


ts 
ClK 
Rise Time 
. 
0.15 
1.5 
nS 
7 
(0.8V-2.0V), 
(1) 


lea 
ADS#, ADSC#, 
PWT, PCD, BEO-7#, 
1.0 
7.0 
nS 
8 
M/IO#, D/C#, CACHE#, 
SCYC, W/R# 
Valid Delay 


t6b 
AP Valid Delay 
1.0 
8.5 
nS 
8 


lee 
A3-A31, 
lOCK# 
Valid Delay 
1.1 
7.0 
nS 
8 


I? 
ADS#, ADSC#, 
AP, A3-A31, 
PWT, PCD, 
10.0 
nS 
8 
(1) 
BEO-7#, M/IO#, D/C#, W/R#, CACHE#, 
SCYC, lOCK# 
Float Delay 


ta 
PCHK#, APCHK#, 
IERR#, FERR# Valid 
1.0 
8.3 
nS 
8 
(4) 
Delay 


ts 
BREQ, HLDA, SMIACT# 
Valid Delay 
1.0 
8.0 
nS 
8 
(4) 


tlOa 
HIT# Valid Delay 
1.0 
8.0 
nS 
8 


tioe 
HITM# Valid Delay 
1.1 
6.0 
nS 
8 


lt ta 
PMO-1, BPO-3 Valid Delay 
1.0 
10.0 
nS 
8 
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Table 
15. 50-MHz 
Bus A.C. Specifications 
(Continued) 


3.135 < Vcc < 3.6V, TA = 10 to 45°C, CL = 0 pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


tllb 
PRDY Valid Delay 
1.0 
8.0 
nS 
8 


t12 
DO-D63, DPO-7 Write Data Valid Delay 
1.3 
8.5 
nS 
8 
f 


t13 
DO-D63, DPO-3 Write Data Float Delay 
10.0 
nS 
9 
(1) 


t14 
A5-A31 Setup Time 
6.5 
nS 
10 


t15 
A5-A31 Hold Time 
1.0 
nS 
10 


t16a 
INV, AP Setup Time 
5.0 
nS 
10 


t16b 
EADS# Setup Time 
6.0 
nS 
10 


t17 
EADS#, INV, AP Hold Time 
1.0 
nS 
10 


t18a 
KEN# Setup Time 
5.0 
nS 
10 


tise 
NA#, WBIWT# 
Setup Time 
4.5 
nS 
10 


t19 
KEN#, WBIWT#, 
NA# Hold Time 
1.0 
nS 
10 


t20 
BRDY#, BRDYC# 
Setup Time 
5.0 
nS 
10 


t21 
BRDY#, BRDYC# 
Hold Time 
1.0 
nS 
10 


t22 
BOFF# Setup Time 
5.5 
nS 
10. 


t22a 
AHOlD 
Setup Time 
6.0 
nS 
10 
, 


t23 
AHOlD, 
BOFF# Hold Time 
1.0 
nS 
10 
,. 


t24 
BUSCHK#, 
EWBE#, 
HOLD, PEN# 
5.0 
nS 
10 
Setup Time 


t25a 
BUSCHK#, 
EWBE#, PEN# Hold Time 
1.0 
nS 
10 


t25b 
HOLD Hold Time 
1.5 
nS 
10 


t26 
A20M#, 
INTR, STPClK# 
Setup Time 
5.0 
nS 
10 
(11), (15) 


t27 
A20M#, 
INTR, STPClK# 
Hold Time 
1.0 
nS 
10 
(12) 


t28 
INIT, FlUSH#, 
NMI, SMI#, IGNNE# 
5.0 
nS 
10 
(11), (15), (16) 
Setup Time 


t29 
INIT, FlUSH#, 
NMI, SMI#, IGNNE# Hold 
1.0 
nS 
10 
(12) 
Time 


tJo 
INIT, FLUSH#, NMI, SMI#, IGNNE# 
2.0 
ClKs 
(14), (16) 
Pulse Width, Async 


tJ1 
RlS# Setup Time 
5.0 
nS 
11 
(11), (15), (16) 


tJ2 
RlS# Hold Time 
1.0 
nS 
10 
(12) 


• 
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Table 
15. 5O-MHz Bus A.C. Specifications 


3.135 < Vcc < 3.6V, TA = 10 to 45°C, CL = 0 pF 


Symbol 


i 
Parameter 
Min 
'Max 
Unit 
Figure 
Notes 
. 


133 
RlS# Pulse Width, Async. 
2.0 
ClKs 
(14), (16) 


134 
00-063, 
OPO-7 Read Data Setup Time 
3.8 
nS 
10 


135 
00-063, 
OPO-7 Read Data Hold Time 
2.0 
nS 
10 
, 


136 
RESET Setup Time 
5.0 
nS 
11 
(11), (15) 


137 
RESET Hold Time 
1.0 
nS 
11 
(12) 


138 
RESET Pulse Width, Vcc & ClK 
Stable 
15.0 
ClKs 
11 
(16) 


139 
RESET Active After Vcc & ClK 
Stable 
1.0 
mS 
11 
Power up 


40 
Reset Configuration 
Signals (INIT, 
5.0 
nS 
11 
(11), (15), (16) 
FlUSH#) 
Setup Time 


41 
Reset Configuration 
Signals (INIT, 
1.0 
nS 
11 
(12) 
FlUSH#) 
Hold Time 


42a 
Reset Configuration 
Signals (INIT, 
2.0 
ClKs 
11 
To RESET falling 


FlUSH#) 
Setup Time, Async. 
edge (15) 


42b 
Reset Configuration 
Signals (IN IT, 
2.0 
ClKs 
11 
To 'RESET falling 


FlUSH#, 
BROYC#, 
BUSCHK#) 
Hold 
edge (20) 
Time, Async. 


42c 
Reset Configuration 
Signals (BROYC#, 
3.0 
ClKs 
11 
To RESET falling 


BUSCHK#) 
Setup Time, Async. 
edge (20) 


42d 
Reset Configuration 
Signals (BRDYC#) 
1.0 
nS 
To RESET falling 


Hold Time, RESET Driven 
edge (1), (27) 
Synch ronously. 


44 
TCK Frequency 
- 
16.0 
MHz 


45 
TCK Period 
r 
62.5 
nS 
7 


46 
TCK High Time 
25.0 
nS 
7 
@2V,(1) 


47 
TCKlowTime 
.. 
25.0 
nS 
7 
@0.8V, (1) 


48 
TCK Fall Time 
5.0 
nS 
7 
(2.0V-0.8V), 
(1), 


(8), (9) 


49 
TCK Rise Time 
5.0 
nS 
7 
(0.8V-2.0V), 
(1), 


(8), (9) 


tso 
TRST# 
Pulse Width 
40.0 
nS 
13 
(1), Asynchronous 


t51 
TOI, TMS Setup Time 
5.0 
nS 
12 
(7) 


ts2 
TOI, TMS Hold Time 
13.0 
nS 
12 
(7) 


ts3 
TOO Valid Delay 
3.0 
20.0 
nS 
12 
(8) 
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Table 
15. 50-MHz Bus A.C. Specifications 


3.135'< 
Vcc < 3.6V, TA = 10 to 45°C, CL = 0 pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


!s4 
TDO Float Delay 
25.0 
nS 
12 
(1), (8) 


!ss 
All Non-Test Outputs Valid Delay 
3.0 
20,0 
nS 
12 
(3), (8), (10) 


tS6 
All Non-Test Outputs 
Float Deiay 
25.0 
nS 
12 
(1), (3), (8), (10) 


!s7 
All Non-Test 
Inputs Setup Time 
5.0 
nS 
12 
(3), (7), (10) 


tS8 
All Non-Test 
Inputs Hold Time 
13,0 
nS 
12 
(3), (7), (10) 


NOTES: 
Notes 2, 6, and 13 are general and apply to all standard TTL signals used with the Pentlume OverDrive processor with 
MMXTM technology. 


1. 
Not 100% tested, 
Guaranteed 
by design/characterization, 


2, 
TTl 
input test waveforms 
are assumed 
to be ° to 3 Volt transitions 
with 1VoltlnS 
rise and fall times, 


3, 
Non-Test 
Outputs 
and Inputs are the normal output or input signals 
(besides 
TCK, TRST#, 
TDI, TOO, and TMS), These 
timings 
correspond 
to the response 
of these signals 
due to boundary 
scan operations, 


4, 
APCHK#, 
FERR#, 
HlDA, 
IERR#, 
lOCKJI, 
and PCHK# are glitch free outputs. 
Glitch free signals 
monotonically 
transition 


without 
false transitions 
(Le" glitches), 


5, 
0,8 V/ns <= ClK 
input rise/fall time <= 8 V/ns, 


6, 
0,3 V/ns <= Input rise/fall time <= 5 V/ns, 


7, 
Referenced 
to TCK rising edge, 


8. 
Referenced 
to TCK falling edge, 


9, 
1ns can be added to the max TCK rise and fall times for every 10 MHz of frequency 
below 33 MHz, 


10, 
During probe mode operation, 
do not use the boundary 
scan timings 
(t55.58), 


11, 
Setup time is required 
to guarantee 
recognition 
on a specific 
clock, This is not applicable 
to the Pentium 
OverDrive 
processor 
with MMX technology, 


12, 
Hold time is required 
to guarantee 
recognition 
on a specific 
clock, 


13, 
All TTl 
timings 
are referenced 
from 1.5 V, 


14, 
To guarantee 
proper asynchronous 
recognition, 
the signal must have been deasserted 
(inactive) 
for a minimum 
of 2 


clocks before 
being retumed 
active and must meet the minimum 
pulse width, 


15, 
This input may be driven asynchronously, 
However, 
when operating 
the Pentium4D OverDrive4D processor 
with MMXTM 
technology, 
FlUSH# 
and RESET 
must be asserted 
synchronously, 


16. 
When driven asynchronously, 
RESET, 
NMI, FlUSH#, 
RlS#, INIT, and SMI# must be deasserted 
(inactive) 
for a minimum 
of 2 clocks before 
being returned 
active, 


17. 
The D/C#, M/IO#, W/R#, CACHE#, 
and A5-A31 
signals 
are sampled 
only on the ClK 
that ADS# is active, 


18, 
BF, BF1, and CPUTYP 
should be strapped 
to Vcc or Vss, 


19, 
These signals 
are measured 
on the rising edge of adjacent 
ClKs 
at 1,5V, To ensure 
a 1:1 relationship 
between 
the 
amplitude 
of the input jitter and the internal 
and extemal 
clocks, 
the jitter frequency 
specturm 
should 
not have any power 
spectrum 
peaking 
between 
500KHz 
and 1/3 of the ClK 
operating 
frequency, 
The amount 
of jitter present 
must be 
accounted 
for as a component 
of ClK 
skew between 
devices, 


20, 
BRDYC# 
and BUSCHK# 
are used as Reset configuration 
signals 
to select buffer size, 


21, 
The value of this signal may have been changed, 
check the latest Pentium 
Processor 
Data Book for the updated 
values, 


•• Each valid delay is specified 
for a °pF load. The system designer 
should 
use I/O buffer modeling 
to account 
for signal flight 
time delays, 
' 
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5.6.2. 
A. C. TABLES 
FOR A 60·MHZ 
BUS 
All timings are referenced 
to 1.5 volts for both "0" and 
"1" logic levels unless otherwise 
specified. 
Within the 


sampling 
window, 
a 
synchronous 
input 
must 
be 


stable 
for 
correct 
180·MHz 
Pentium 
OverDrive 


processor 
with MMX technology 
operation. 


The A.C. specifications 
given in Table 16 consist 
of 
output 
delays, 
input 
setup 
requirements 
and 
input 
hold 
requirements 
for 
a 60-MHz 
external 
bus. 
All 
A.C. specifications 
(with the exception 
of those 
for 
the TAP signals) are relative to the rising edge of the 
ClK 
input. 


Table 
16. 60·MHz 
Bus A.C. Specifications 


3.135 < Vcc < 3.6V, TA = 10 to 45°C, CL = 0 pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


Frequency 
30 
60.0 
MHz 
Max core Freq = 150 
MHz @ 2/5 


t1a 
ClK 
Period 
16.67 
33.33 
nS 
7 


t,b 
ClK 
Period Stability 
±250 
pS 
7 
Adjacent 
Clocks, (1), (25) 


ta 
ClK 
High Time 
4.0 
nS. 
7 
@2V, (.1) 


Is 
ClKlowTime 
4.0 
nS 
7 
@0.8V, (1) 


4 
ClK 
Fall Time 
0.15 
1.5 
nS 
7 
(2.0V-0.8V), 
(1) 


ts 
ClK 
Rise Time 
0.15 
1.5 
nS 
7 
(0.8V-2.0V), 
(1) 
I 


tSa 
ADS#, ADSC#, 
PWT, PCD, BEO-7#, 
1.0 
7.0 
nS 
8 
M/IO#, D/C#, W/R#, CACHE#, 
SCYC 
Valid Delay 


tsb 
AP Valid Delay 
1.0 
8.5 
nS 
8 
I 


tsc 
A3-A31, 
lOCK# 
Valid Delay 
1.1 
7.0 
nS 
8 


17 
ADS#, ADSC#, AP, A3-A31, 
PWT, 
10.0 
nS 
9 
(1) 
PCD, BEO-7#, M/IO#, D/C#, W/R#, 
CACHE#, 
SCYC, lOCK# 
Float Delay 


taa 
APCHK#, 
IERR#, FERR# Valid Delay 
1.0 
8.3 
nS 
8 
(4) 


tab 
PCHK# Valid Delay 
1.0 
7.8 
nS 
8 
(4) 


t9a 
BREQ, HlDA 
Valid Delay 
1.0 
8.0 
nS 
8 
(4) 


t9b 
SMIACT# 
Valid Delay 
1.0 
7.6 
nS 
8 
(4) 


t10a 
HIT# Valid Delay 
1.0 
8.0 
nS 
8 


t10b 
HITM# Valid Delay 
1.1 
6.0 
nS 
8 


t11a 
PMO-1, BPO-3 Valid Delay 
1.0 
10.0 
nS 
8 


t11b 
PRDY Valid Delay 
1.0 
8.0 
nS 
8 


t12 
00-063, 
DPO-7 Write Data Valid Delay 
1.3 
7.5 
nS 
8 
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Table 
16. 60-MHz Bus A.C. Specifications 
(Continued) 


3.135 < Vcc < 3.6V, TA = 10 to 45°C, CL = 0 pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


t13 
DO·D63, DPO-3 Write Data Float Delay 
10.0 
nS 
9 
(1) 


114 
A5-A31 Setup Time 
6.0 
nS 
10 


t15 
A5-A31 Hold Time 
1.0 
nS 
8 


t16a 
INV, AP Setup Time 
5.0 
nS 
8 


t16b 
EADS# Setup Time 
5.5 
nS 
8 
i. 


t17 
EADS#, INV, AP Hold Time 
1.0 
nS 
8 


tlBa 
KEN# Setup Time 
5.0 
nS 
8 


tlBb 
NA#, WBNfT# 
Setup Time 
4.5 
nS 
8 


t19 
KEN#, WBNfT#, 
NA# Hold Time 
1.0 
nS 
8 


t20 
BRDY#, BRDYC# 
Setup Time 
5.0 
nS 
8 


t21 
BRDY#, BRDYC# 
Hold Time 
1.0 
nS 
8 


t22 
AHOLD, 
BOFF# Setup Time 
~ 
5.5 
nS 
8 


, 


t23 
AHOlD, 
BOFF# Hold Time 
1.0 
nS 
8 


t24 
BUSCHK#, 
EWBE#, 
HOLD, PEN# 
5.0 
nS 
8 
Setup Time 


t25 
BUSCHK#, 
EWBE#, 
PEN# Hold Time 
1.0 
nS 
8 


t25a 
HOLD Hold Time 
1.5 
nS 
8 


t26 
A20M#, 
INTR, STPClK# 
Setup Time 
5.0 
nS 
8 
(11), (15) 


t27 
A20M#, 
INTR, STPClK# 
Hold Time 
1.0 
nS 
8 
(12) 


t2B 
INIT, FlUSH#, 
NMI, SMI#, IGNNE# 
5.0 
nS 
8 
(11), (15), (16) 
Setup Time 


t29 
INIT, FlUSH#, 
NMI, SMI#, IGNNE# 
1.0 
nS 
8 
(12) 


; 


Hold Time 


Iso 
INIT, FlUSH#, 
NMI, SMI#, IGNNE# 
2.0 
ClKs 
(14), (16) 
Pulse Width, Async 


Isl 
RlS# Setup Time 
5.0 
nS 
8 
(11), (15), (16) 


1s2 
RlS# Hold Time 
1.0 
nS 
8 
(12) 


133 
RlS# Pulse Width, Async. 
2.0 
ClKs 
(14), (16) 


134 
DO-D63, DPO-7 Read Data Setup Time 
3.0 
nS 
8 


1s5 
DO-D63, DPO-7 Read Data Hold Time 
1.5 
nS 
8 
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3.135 < Vcc < 3.6V, TA = 10 to 45°C, CL = 0 pF 


Symbol 
Parameter 
Min 
Max I Unit 
Figure 
Notes 


136 
RESET Setup Time 
5.0 
nS 
9 
(11), (15) 


f 


137 
RESET Hold Time 
1.0 
nS 
9 
(12) 


138 
RESET Pulse Width, VCC & CLK 
15 
CLKs 
9 
(16) 
Stable 


139 
RESET Active After VCC & CLK 
1.0 
mS 
9 
, 
Power up 
Stable 


40 
Reset Configuration 
Signals (INIT, 
5.0 
nS 
9 
(11), (15), (16) 


FLUSH#) 
Setup Time 


41 
Reset Configuration 
Signals (INIT, 
1.0 
nS 
9 
(12) 


FLUSH#) 
Hold Time 


42a 
Reset Configuration 
Signals (INIT, 
2.0 
CLKs 
9 
(15) 


FLUSH#) 
Setup Time, Async. 


42b 
Reset Configuration 
Signals (FLUSH#, 
2.0 
CLKs 
9 
(20) 
BRDYC#, 
INIT, BUSCHK#) 
Hold Time, 


Async. 


42c 
Reset Configuration 
Signals (BRDYC#, 
3.0 
CLKs 
9 
(20) 
BUSCHK#) 
Setup Time, Async. 


42d 
Reset Configuration 
Signals 
1.0 
nS 
To RESET falling edge 
(BRDYC#) 
Hold Time, RESET 
Driven 
(1), (27) 


Synchronously. 


44 
TCK Frequency 
- 
16.0 
MHz 


t45 
TCK Period 
62.5 
nS 
7 
t 


46 
TCK High Time 
25.0 
nS 
7 
@2V,(1) 


47. 
TCKLowTime 
25.0 
nS 
7 
@0.8V, (1) 


48 
TCK Fall Time 
5.0 
nS 
7 
(2.0V·0.8V), 
(1), (8), (9) 


49 
TCK Rise Time 
. 
5.0 
nS 
7 
(0.8V-2.0V), 
(1), (8), (9) 


t50 
TRST# Pulse Width 
, 
40.0 
nS 
13 
Asynchronous, 
(1) 


t51 
TDI, TMS Setup Time 
5.0 
nS 
12 
(7) 


152 
TDI, TMS Hold Time 


I 


13.0 
nS 
12 
(7) 


t53 
TOO Valid Delay 
3.0 
20.0 
nS 
12 
(8) 


154 
TOO Float Delay 
25.0 
nS 
12 
(1), (8) 


t55 
All Non-Test Outputs Valid Delay 
3.0 
20.0 
nS 
12 
(3), (8), (10) 


t56 
All Non-Test Outputs 
Float Delay 
25.0 
nS 
12 
(1), (3), (8), (10) 


Table 
16. 60-MHz 
Bus A.C. Specifications 
(Continued) 
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Table 
16. 60-MHz 
Bus A.C. Specifications 
(Continued) 


..~. 


3.135 < Vcc < 3.6V, TA = 10 to 45°C, CL = 0 pF 
.. 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 
i 


t57 
All Non-Test 
Inputs 
Setup 
Time 
5.0 
nS 
12 
(3), (7), (10) 


t58 
All Non-Test 
Inputs 
Hold 
Time 
13.0 
nS 
12 
(3), (7), (10) 


NOTES: 


Notes 
2, 6, and 13 are general 
and apply 
to all standard 
TIL 
signals 
used 
with 
the Pentlum. 
OverDrive 
processor 
with 
MMXTM technology. 


1. 
Not 100% tested. 
Guaranteed 
by design/characterization. 


2. 
TIl 
input test waveforms 
are assumed 
to be 0 to 3 Volt transitions 
with 1VolVnS rise and fall times. 


3. 
Non-Test 
Outputs 
and Inputs are the normal output 
or input signals 
(besides 
TCK, TRST#, 
TDI, TOO, and TMS). These 


timings 
correspond 
to the response 
of these signals 
due to boundary 
scan operations. 


4. 
APCHK#, 
FERR#, 
HlDA, 
IERR#, 
lOCK#, 
and PCHK# 
are glitch free outputs. 
Glitch free signals 
monotonically 
transition 
without 
false transitions 
(i.e., glitches). 


5. 
0.8 V/ns <= ClK 
input rise/fall time <= 8 V/ns .. 


6. 
0.3 V/ns <= Input rise/fall time <= 5 V/ns. 


7. 
Referenced 
to TCK rising edge. 


8. 
Referenced 
to TCK falling edge. 


9. 
lns 
can be added to the max TCK rise and fall times for every 
10 MHz of frequency 
below 33 MHz. 


10. 
During probe mode operation, 
do not use the boundary 
scan timings 
(t55.5S). 


11. 
Setup time is required 
to guarantee 
recognition 
on a specific 
clock. This is not applicable 
to the Pentium 
OverDrive 


processor 
with MMX technology. 


12. 
Hold time is required 
to guarantee 
recognition 
on a specific 
clock. 


13. 
All TIl 
timings 
are referenced 
from 1.5 V. 


14. 
To guarantee 
proper asynchronous 
recognition, 
the signal must have been cjeasserted 
(inactive) 
for a minimum 
01 2 


clocks before 
being retumed 
active and must meet the minimum 
pulse width. 


15. 
This input may be driven asynchronously. 
However, 
when operating 
the Pentiu~ 
OverDrive. 
processor 
with MMXTM 


technology, 
FlUSH# 
and RESET 
must be asserted 
synchronously. 


16. 
When driven asynchronously, 
RESET, 
NMI, FlUSH#, 
R/S#, INIT, and SMI# must be deasserted 
(inactive) 
for a minimum 
of 2 clocks before 
being retumed 
active. 


17. 
The D/C#, M/IO#, W/R#, CACHE#, 
and A5-A31 
signals 
are sampled 
only on the ClK 
that ADS# 
is active. 


18. 
BF, BF1, and CPUTYP 
should 
be strapped 
to Vcc or Vss. 
. 


19. 
These 
signals 
are measured 
on the rising edge 01 adjacent 
ClKs 
at 1.5V. To ensure 
a 1:1 relationship 
between 
the 
amplitude 
of the input jitter and the intemal 
and extemal 
clocks, 
the jitter frequency 
specturm 
should 
not have any power 
spectrum 
peaking 
between 
500KHz 
and 1/3 of the ClK 
operating 
frequency. 
The amount 
of jitter present 
must be 
accounted 
for as a component 
of ClK 
skew between 
devices. 


20. 
BRDYC# 
and BUSCHK# 
are used as Reset configuration 
signals 
to select buffer size. 


21. 
The value of this signal may have been changed, 
check the latest Pentium 
Processor 
Data Book for the updated 
values. 


** Each valid delay is specified 
for a 0 pF load. The system 
designer 
should 
use I/O buffer modeling 
to account 
for signal flight 
time delays. 
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5.6.3. 
A. C. TABLES 
FOR A 66-MHZ 
BUS 
All timings are referenced 
to 1.5 volts for both "0" and 
"1" logic levels unless otherwise 
specified. 
Within the 
sampling 
window, 
a 
synchronous 
input 
must 
be 
stable 
for 
correct 
200-MHz 
Pentium 
OverDrive 


processor 
with MMX technology 
operation. 


The A.C. specifications 
given in Table 17 consist 
of 
output 
delays, 
input 
setup 
requirements 
and 
input 


hold 
requirements 
for 
a 66-MHz 
external 
bus. 
All 
A.C. specifications 
(with the exception 
of those 
for 


the TAP signals) are relative to the rising edge of the 
ClK 
input. 


Table 
17. 66·MHz 
Bus A.C. Specifications 


3.135 < Vcc < 3.6V, TA = 10 to 45°C, CL = 0 pF 


, 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


Frequency 
33.33 
66.6 
MHz 
Max core Freq = 166 MHz 
@ 2/5 


t1a 
ClK 
Period 
15.0 
30.0 
nS 
7 


t1b 
ClK 
Period Stability 
±250 
pS 
7 
Adjacent 
Clocks, (1), (25) 


ta 
ClK 
High Time 
4.0 
nS 
7 
@2V, (1), (5) 


b 
ClK 
low 
Time 
4.0 
nS 
7 
@0.8V, (1), (5) 


t4 
ClK 
Fall Time 
0.15 
1.5 
nS 
7 
(2.0V-0.8V),(1 ),(5) 


ts 
ClK 
Rise Time 
0.15 
1.5 
nS 
7 
(0.8V-.OV),(1 ),(5) 


tea 
ADSC#, 
PWT, PCD, SEO-7#, D/C#, 
1.0 
7.0 
nS 
8 
W/R#, CACHE#, 
SCYC, Valid Delay 


teb 
AP Valid Delay 
1.0 
8.5 
nS 
8 


tee 
A3-A31, 
lOCK# 
Valid Delay 
1.1 
7.0 
nS 
8 


ted 
ADS#, MIO# Valid Delay 
1.0 
6.0 
nS 
8 


t7 
ADS#, ADSC#, AP, A3-A31, 
PWT, 
10.0 
nS 
9 
(1) 
PCD, SEO-7#, MIIO#, D/C#, W/R#, 
CACHE#, 
SCYC, lOCK# 
Float Delay 


taa 
APCHK#, 
IERR#, FERR# Valid Delay 
1.0 
8.3 
nS 
8 
(4) 
,.. 


tab 
PCHK# Valid Delay 
1.0 
7.0 
nS 
8 
(4) 


t9a 
SREQ, HlDA 
Valid Delay 
1.0 
8.0 
nS 
8 
(4), (21) 


t9b 
SMIACT# 
Valid Delay 
1.0 
7.6 
nS 
8 
(4), (21) 


t10a 
HIT# Valid Delay 
1.0 
8.0 
nS 
8 
(21) 


t10b 
HITM# Valid Delay 
1.1 
6.0 
nS 
8 


t11a 
PMO-1, SPO-3 Valid Delay 
1.0 
10.0 
nS 
8 


t11b 
PRDY Valid Delay 
1.0 
8.0 
nS 
8 


t12 
00-063, 
DPO-7 Write Data Valid Delay 
1.3 
7.5 
nS 
8 
(21) 
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Table 
17. 66·MHz 
Bus A.C. Specifications 
(Continued) 


3.135 < Vcc < 3.6V, TA = 10 to 45°C, CL = 0 pF 


Symbol 
. 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


t13 
DO·D63, DPO-3 Write Data Float Delay 
10.0 
nS 
9 
(1) 


t14 
A5-A31 Setup Time 
6.0 
nS 
10 


115 
A5-A31 Hold Time 
1.0 
nS 
10 
- 


t16a 
INV, AP Setup Time 
5.0 
nS 
10 


t16b 
EADS# Setup Time 
5.5 
nS 
10 


t17 
EADS#, INV, AP Hold Time 
1.0 
nS 
10 


t,aa 
KEN# Setup Time 
5.0 
nS 
10 


t1ab 
NA#, WBIWT# 
Setup Time 
4.5 
nS 
10 


t19 
KEN#, WBIWT#, 
NA# Hold Time 
1.0 
nS 
10 


120 
BRDY#, BRDYC# 
Setup Time 
5.0 
nS 
10 


t21 
BRDY#, BRDYC# 
Hold Time 
1.0 
nS 
10 


t22 
AHOLD, 
BOFF# Setup Time 
5.5 
nS 
10 
. 


t23 
AHOLD, 
BOFF# Hold Time 
1.0 
nS 
10 
- 


t24 
BUSCHK#, 
EWBE#, 
HOLD, PEN# 
5.0 
nS 
10 
Setup Time 


t25a 
BUSCHK#, 
EWBE#, 
PEN# Hold Time 
1.0 
nS 
10 


t25b 
HOLD Hold Time 
1.5 
nS 
10 


t26 
A20M#, 
INTR, STPCLK# 
Setup Time 
5.0 
nS 
10 
(11), (15) 


t27 
A20M#, 
INTR, STPCLK# 
Hold Time 
1.0 
nS 
10 
(12) 


l2a 
INIT, FLUSH#, 
NMi, SMI#, IGNNE# 
5.0 
nS 
10 
(11), (15), (16) 
Setup Time 


t29 
INIT, FLUSH#, 
NMI, SMI#, IGNNE# 
1.0 
nS 
10 
(12) 
Hold Time 


130 
INIT, FLUSH#, 
NMI, SMI#, IGNNE# 
2.0 
CLKs 
(14), (16) 


, 


Pulse Width, Async 


131 
RlS# Setup Time 
5.0 
nS 
10 
(11), (15), (16) 


132 
RlS# Hold Time 
1.0 
nS 
10 
(12) 


133 
R/S# Pulse Width, Async. 
2.0 
CLKs 
(14), (16) 


134 
DO·D63, DPO-7 Read Data Setup Time 
3.0 
nS 
10 
(21) 
, 


135 
DO·D63, DPO-7 Read Data Hold Time 
2.0 
nS 
10 
(21) 
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Table 
17. 66-MHz Bus A.C. Specifications 
(Continued) 


3.135 < Vcc < 3.6V, TA = 10 to 45°C, CL = 0 pF 


~iymbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 
~' 


bs 
RESET Setup Time 
5.0 
nS 
11 
(11),(15) 
~ 


1:17 
RES~T Hold Time 
1.0 
nS 
11 
(12) 


tse 
RESET Pulse Width, VCC & ClK 
15.0 
ClKs 
11 
(16) 
Stable 


139 
RESET Active After VCC & ClK 
1.0 
mS 
11 
Power up 
Stable 


40 
Reset Configuration 
Signals (INIT, 
5.0 
nS 
11 
(11), (15), (16) 
FlUSH#) 
Setup Time 


41 
Reset Configuration 
Signals (INIT, 
1.0 
nS 
11 
(12) 
FlUSH#) 
Hold Time 


42a 
Reset Configuration 
Signals (INIT, 
2.0 
ClKs 
11 
To RESET falling edge 


FlUSH#) 
Setup Time, Async. 
(15) 


42b 
Reset Configuration 
Signals (INIT, 
2.0 
ClKs 
11 
To RESET falling edge 


FlUSH#,BRDYC#, 
BUSCHK#) 
Hold 
(20) 


Time, Async. 


42c 
Reset Configuration 
Signals 
3.0 
ClKs 
11 
To RESET falling edge 


(BRDYC#, 
BUSCHK#) 
Setup Time, 
(20) 
Async. 


42d 
Reset Configuration 
Signals 
1.0 
nS 
To RESET falling edge (1), 


, (BRDYC#) 
Hold Time, RESET Driven 
(27) 
Synchronously. 


44 
TCK Frequency 
, 
- 
16.0 
MHz 
, 


45 
TCK Period 
62.5 
nS 
7 


4s 
TCK High Time 
f" 
25.0 
nS 
7 
@2V,(1) 


47 
TCKlowTime 
25.0 
nS 
7 
@0.8V, (1) 


4a 
TCK Fall Time 
5.0 
nS 
7 
(2.0V-0.8V), 
(1), (8), (9) 


\ 


49 
TCK Rise Time 
5.0 
nS 
7 
(0.8V-2.0V), 
(1), (8), (9) 


Iso 
TRST# Pulse Width 
I 
40.0 
nS 
13 
Asynchronous, 
(1) 


t51 
TDI, TMS Setup Time 
5.0 
nS 
12 
(7) 


1s2 
TDI, TMS Hold Time 
I 


13.0 
nS 
12 
(7) 


1s3 
TDO Valid Delay 
! 
3.0 
20.0 
nS 
12 
(8) 


t54 
TDO Float Delay 
25.0 
nS 
12 
(1), (8) 


t55 
All Non-Test Outputs Valid Delay 
3.0 
20.0 
nS 
12 
(3), (8), (10) 
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Table 
17. 66-MHz Bus A.C. Specifications 
(Continued) 


3.135 < Vcc < 3.6V, TA = 10 to 45°C, CL = 0 pF 


Symbol 
Parameter 
Min 
Max 
Unit 
Figure 
Notes 


156 
All Non-Test Outputs 
Float Delay 
25.0 
nS 
12 
(1), (3), (8), (10) 


t57 
All Non-Test 
Inputs Setup Time 
5.0 
nS 
12 
(3), (7), (10) 


158 
All Non-Test 
Inputs Hold Time 
13.0 
nS 
12 
(3), (7), (10) 


NOTES: 


Notes 
2, 6, and 13 are general 
and apply 
to all standard 
TIL 
signals 
used 
with 
the Pentiume 
OverDrive 
processor 
with 


MMXTM technology. 


1. 
Not 100% tested. 
Guaranteed 
by design/characterization. 


2. 
TIl 
input test waveforms 
are assumed 
to be 0 to 3 Volt transitions 
with 1VoltlnS 
rise and fall times. 


3. 
Non-Test 
Outputs 
and Inputs are the normal output or input signals 
(besides 
TCK, TRST#, 
TDI, TDO, and TMS). These 


timings 
correspond 
to the response 
of these signals 
due to boundary 
scan operations. 


4. 
APCHK#, 
FERR#, 
HlDA, 
IERR#, 
lOCK#, 
and PCHK# 
are glitch free outputs. 
Glitch free signals 
monotonically 
transition 
without 
false transitions 
(i.e., glitches). 


5. 
0.8 V/ns <= ClK 
input rise/fall time <= 8 V/ns. 


6. 
0.3 V/ns <= Input rise/fall time <= 5 V/ns. 


7. 
Referenced 
to TCK rising edge. 


8. 
Referenced 
to TCK falling edge. 


9. 
lns 
can be added to the max TCK rise and fall times for every 10 MHz of frequency 
below 33 MHz. 


10. 
During probe mode operation, 
do not use the boundary 
scan timings 
(tSS.S8). 


11. 
Setup time is required 
to guarantee 
recognition 
on a specific 
clock. This is not applicable 
to the Pentium 
OverDrive 
processor 
with MMX technology. 


12. 
Hold time is required 
to guarantee 
recognition 
on a specific 
clock. 


13. 
All TTL timings 
are referenced 
from 1.5 V. 


14. 
To guarantee 
proper asynchronous 
recognition, 
the signal must have been deasserted 
(inactive) 
for a minimum 
of 2 
clocks before being retumed 
active and must meet the minimum 
pulse width. 


15. 
This input may be driven asynchronously. 
However, 
when operating 
the Pentium4il OverDrive411processor 
with MMXTM 
technology, 
FlUSH# 
and RESET 
must be asserted 
synchronously. 


16. 
When driven asynchronously, 
RESET, 
NMI, FlUSH#, 
RlS#, INIT, and SMI# must be deasserted 
(inactive) 
for a minimum 


of 2 clocks 
before being retumed 
active. 


17. 
The D/C#, M/IO#, W/R#, CACHE#, 
and A5-A31 
signals 
are sampled 
only on the ClK 
that ADS# is active. 


18. 
BF, BF1, and CPUTYP 
should 
be strapped 
to Vcc or vss. 


19. 
These 
signals 
are measured 
on the rising edge of adjacent 
ClKs 
at 1.5V. To ensure 
a 1:1 relationship 
between 
the 
amplitude 
of the input jitter and the intemal 
and extemal 
clocks, the jitter frequency 
specturm 
should 
not have any power 


spectrum 
peaking 
between 
500KHz 
and 1/3 of the ClK 
operating 
frequency. 
The amount 
of jitter present 
must be 
accounted 
for as a component 
of ClK 
skew between 
devices. 


20. 
BRDYC# 
and BUSCHK# 
are used as Reset configuration 
signals 
to select buffer size. 


21. 
The value of this signal may have been changed, 
check the latest Pentium 
Processor 
Data Book for the updated 
values . 


•• Each valid delay is specified 
for a 0 pF load. The system 
designer 
should 
use I/O buffer modeling 
to account 
for signal flight 
time delays. 
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5.6.4. 
TIMING AND WAVEFORMS 
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Figure 7. Clock Waveform 


Figure 8. Valid Delay Timing 
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Figure 10. Setup and Hold Timing 
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Figure 11. Reset and Configuration Timing 
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Figure 13. Resetand Conflgumtlon Timing 


6.0. 
MECHANICAL 
SPECIFICATIONS 
Table 18. Pentiu~ 
OverDrlv~ Processor with 
NlMXTM Technology PackageSummary 


6.1. 
Package 
Dimensions 


, 


Package 
Total 
Pin 
Package 
Type 
Pins 
Array 
Size 


Pent:ium~ 
SPGA 
320 
37 x37 
1.95" x 
OverDrive~ 
1.95" 
Processor 
with MMXTM 
4.95cm x 


Technology 
4.95cm 


NOTE: 
The mec:hanicalspecifications are provided in Table 19. 
Figure 14 shows the package dimensions for the Pentiu~ 
OverDri"e~ processor with MMXn• technology. 


The 
Pentium 
OverDrive 
processor 
with 
MMX 
technology, 
an 
upgrade 
for 
the 
75, 
90, 
100-MHz 
Pentium 
processor-based 
systems, 
uses 
a 320-pin 
ceramic 
staggered 
pin grid array 
(SPGA) 
package. 
The pins will be arranged 
in a 37 x 37 matrix and the 
package 
dimensions 
will be 1.95" x 1.95" (4.95cm 
x 
4.95cm). 
See Table 18. 
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Table 
19. Package 
Dimensions 


Family: 
Ceramic 
Staggered 
Pin Grid Array 
Package 


Symbol 
Millimeters 
Inches 


Min 
Max 
Notes 
Min 
Max 
Notes 


A' 
33.88 
Solid Lid 
1.334 
Solid Lid 


A1 
0.33 
0.43 
Solid Lid 
0.013 
0.017 
Solid Lid 


A2. 
2.62 
2.97 
0.103 
0.117 


A4 
20.32 
0.800 


A5 
10.16 
Air Space 
0.400 
Air Space 


B 
0.43 
0.51 
0.017 
0.020 


0 
49.28 
49.91 
1.940 
1.965 


01 
45.47 
45.97 
1.790 
1.810 


E1 
2.41 
2.67 
0.095 
0.105 


E2 
1.14 
1.40 
0.045 
0.055 


L 
3.05 
3.30 
0.120 
0.130 


Ii 


N 
320 
SPGA pins 
320 
SPGA pins 


S1 
1.52 
2.54 
0.060 
0.100 


NOTES: 


• Assumes 
the minimum 
air space above the lanlheatsink. 


A 0.2* clearance 
around 
three 01 lour sides 01 the package 
is also required 
to allow Iree airflow through 
the lanlheatsink. 
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Figure 14. Pentlum@ OverDrlve@ Processor with MMXTM Technology Package Dimensions 


6.2. 
SpatialRequirements 
chassis, etc.) to enter within the free space distance 
of 0.2" from the Pentium OverDrive processor with 
MMX technology package if it is not taller than the 
level of the heatsink base. In other words, if a 
component is taller than height "B," it cannot be 
closer to the Pentium OverDrive processor with MMX 
technology package than distance "A". This applies 
to three of the four sides of the Pentium OverDrive 
processor with MMX technology package, although 
the back and handle sides of a ZIF socket will 
generally automatically meet this specification since 
they 
have 
widths 
larger 
than 
distance 
"A." 


Compliance to this requirement will ensure systems 
can 
be 
upgraded 
to 
the 
Pentium 
OverDrive 
processor with MMX technology. 


The 
Pentium 
OverDrive 
processor 
with 
MMX 


technology 
employs 
a 
fanlheatsink 
thermal 


management device. Clearance requirements must 
be metaroundthe fanlheatsinkto ensureunimpededair 
flow for proper cooling. Figure15 shows the Pentium 
OverDrive 
processor 
with 
MMX 
technology's 


fanlheatsink space requirements. 


The 
Pentium 
OverDrive 
processor 
with 
MMX 


technology has spatial requirements defined in the 
respective socket specification that must be met. As 
shown in Figure 16, it is acceptable to allow any 
device (Le., add-in cards, surface mount device, 
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1.4 for Pentium4ilOverDrive4!>processor with MMXn• technology. 


Figure 
15. Illustrates 
Physical 
Space Requirements 
for the 
Pentlume 
OverDrlvea 
Processor 
with 
MMXTM Technology 


290607·15 


[.---,,--- 
-1 
Figure 
16. 
Required 
Free Space from 
Sides 
of SPGA Package 


6.3. 
Socket 


6.3.1. 
SOCKET 
COMPATIBILITY 


proper 
operation 
of 
Pentium 
OverDrive 
processor 


with 
MMX 
technology, 
all power 
and 
ground 
pins 


should 
be connected 
as defined 
by the 
respective 


socket definitions. 


Socket 
5 (320 
pins) 
and 
Socket 
7 (321 
pins) 
are 
defined 
specifically 
for 
the 
requirements 
of 
the 
Pentium OverDrive 
processor 
with MMX technology. 
Socket 5 and Socket 7 define a fifth row of pins in the 
inside of the 296-pin SPGA socket. The rows "E" and 
"AJ" are the new rows of pins defined 
by Socket 
5 
and Socket 7. Socket 5 and Socket 7 are a superset 
of 
the 
original 
75, 
90, 
and 
100-MHz 
Pentium 
processor 
(296 pins) pinout. 


6.3.2. 
SOCKET 
5 PINOUT 


The 
Pentium 
OverDrive 
processor 
with 
MMX 


technology 
sockets 
are 
compatible 
with 
their 


respective 
original 
Pentium 
processors. 
To 
insure 


Socket 
5 is the 320-pin 
ZIF (Zero 
Insertion 
Force) 


socket 
recommended 
for 
the 
150/166-Pentium 


OverDrive 
processor 
with 
MMX 
technology. 
The 


Socket 5 pinout is defined 
with additional 
power and 


ground 
pins 
to 
ensure 
proper 
functionality 
of 
the 


Pentium OverDrive 
processor 
with MMX technology. 


The 
pinout 
is also 
specifically 
defined 
to 
ensure 


proper 
orientation 
for 
the 
Pentium 
OverDrive 


processor 
with MMX technology. 
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6.3.3. 


Figure 
17. 32o-Pin 
Socket 
5 


SOCKET 
7 PINOUT 
OverDrive 
processors 
and should be used for all new 
designs. 
Socket 
7 is pin compatible 
with the 320-pin 
Socket 5 with the addition of a key pin. Contact 
Intel 


for further information. 
Socket 
7 is a 321-pin 
ZiF 
(Zero 
Insertion 
Force) 


socket recommended 
for future Pentium and Pentium 
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7.0. 
THERMAL SPECIFICATIONS 


The 
Pentium 
OverDrive 
processor 
with 
MMX 
technology 
is shipped 
with an attached 
fan/heatsink 
for 
a complete 
thermal 
solution 
for 
the 
processor 
upjrade. 
The 
fan/heatsink 
cooling 
solution 
will 
properly 
cool the Pentium 
OverDrive 
processor 
with 
MMX technology 
provided the space requirements 
of 
Se:tion 
6.2 
are 
met 
and 
the 
maximum 
air 
temperature 
entering 
the fan/heatsink 
(TA) does not 
exceed 45°C. The fan/heatsink 
inlet temperature 
(TA) 
is measured 
0.3" above the centerline 
of the fan hub 
at 
the 
system 
maximum 
ambient 
operating 
temperature 
(see Figure 15). 


8.0. 
TESTABILITY 


8.1. 
Introduction 


This 
section 
describes 
the 
features 
which 
are 


included 
in the 
Pentium 
OverDrive 
processor 
with 
MMX 
technology 
for 
purposes 
of testability 
of the 
part. The testability 
features 
provided 
for the original 
Pentium processor 
are also available 
on the Pentium 
OverDrive 
processor 
with 
MMX 
technology. 
The 
Pentium 
OverDrive 
processor 
with MMX technology 
however, 
does 
not 
support 
the 
IEEE 
Standard 


114!~.1 boundary 
scan 
using 
the Test Access 
Port 
(TAP) and TAP Controller 
as described 
in Chapters 


11 and 
27 of the 
Pentium'" 
Family 
User's 
Manual, 
Volume 
1. Contact 
your 
Intel 
representative 
for 


further 
details. 
Some 
features 
of 
testability 
are 
described 
below. 
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8.2. 
Built in Self Test (BIST) 


Self test is initiated 
by driving the INIT pin high when 
RESET 
transitions 
from high to low. No bus cycles 
are 
run by the 
Pentium 
OverDrive 
processor 
with 
MMX technology 
during self test. The duration 
of self 
test is approximately 
2'9 clocks. 
SIST is used to test 


approximately 
70% 
of the 
devices 
in the 
Pentium 
OverDrive 
processor 
with MMX technology. 


The 
Pentium 
OverDrive 
processor 
with 
MMX 
technology 
SIST consists of two parts: hardware 
self 
test 
and 
microcode 
self 
test. 
During 
the 
hardware 
portion 
of SIST, the microcode 
and the large 
PLAs 


·are tested. 
All" possible 
input 
combinations 
of 
the 
microcode 
ROM 
and 
PLAs 
are 
tested. 
The 
microcode 
self test is done by comparing 
the stored 
value of ROM check sums with the result of the self 
test. 


If a mismatch .occurs 
or errors 
are detected 
during 
SIST, 
the 
Pentium 
OverDrive 
processor 
with 
MMX 


technology 
will assert 
the IERR# pin and attempt 
to 
shutdown. 


8.3. 
Tri-State Test Mode 


When 
the FLUSH# 
pin is sampled 
low in the clock 


prior to the RESET 
pin going 
from 
high to low, the 
Pentium 
OverDrive 
processor 
with MMX technology 
enters 
tristate 
test 
mode. 
The 
Pentium 
OverDrive 
processor 
with MMX technology 
floats all of its output 


pins and bi-directional 
pins including 
pins which 
are 
never floated 
during 
normal operation 
(except 
TDO). 


Tristate test mode can be initiated in order to facilitate 
testing of board connections. 
The Pentium OverDrive 
processor 
with 
MMX technology 
remains 
in tristate 
test mode until the RESET pin is toggled again. 
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Design Consideration 
Implementation 


Visible Pentiumlll OverDrivelll 
Processor 
with MMX'rM 
The Pentium OverDrive 
processor 
socket should be 
Technology 
Socket 
easily visible when the PC's cover is removed. 
Label 


the Pentium OverDrive 
processor 
socket and the 
location of pin 1 by silk screening 
this information 
on 


the PC board. 


Accessible 
Pentium OverDrive 
Processor 
Socket 
Make the Pentium processor 
easily accessible 
to the 


end user (l.e., do not place the Intel Pentium 
OverDrive 
processor 
socket under the hard disk). If 


the low insertion force (LlF) is used, position the 
Pentium OverDrive 
processor 
socket on the PC board 


such that there is ample clearance 
around the socket. 


Foolproof 
Chip Orientation 


L. 
·...,..0 


Intel packages 
all Pentium OverDrive 
processors 
with 


a "keyed pin configuration" 
that insures that the 
Pentium OverDrive 
processors 
fits into the respective 


I 
sockets in the correct orientation. 


Zero Insertion 
Force Upgrade Socket 
" 
The high pin count of the Pentium OverDrive 
processors 
often require more than 60 Ibs of insertion 


force for Low Insertion Force (LlF) sockets. A Zero 
Insertion 
Force (ZIF) socket insures that the chip 


insertion force does not damage the PC Board. If the 
ZIF socket has a handle, be sure to allow enough 
clearance 
for the socket handle. 
If a LlF socket is 


used, additional 
PC board support is recommended. 


"Plug and Play" 
Jumper or switch changes should not be needed to 
electrically 
configure 
the system for the Pentium 
OverDrive 
processor. 


Thorough 
Documentation 
Describe the Pentium OverDrive 
processor's 
installation 
procedure 
in the PC's User's Manual. 
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APPENDIX B 


Pentium® OverDrive® Processor with MMXTMTechnology 
ZIF SOCKET VENDORS 


The following 
list provides examples 
of sockets which can be used for Pentium processor-based 
systems. 


NOTE 


This is not a comprehensive 
list, Intel has not tested all of the Vendor's 
sockets 
listed below and cannot 
guarantee 
that these will meet every PC manufacturer's 
specific requirement. 


,- 
Socket 
No. 
Style 
Dra~ing 
No. 
Part No. 


AMP 
Socket 
5 
SLAZ, QC, T 
C-916513 
916513 


(SIOO) 522-6752 
Socket 
5 
SLAZ, QC, T 
C-916560 
916560 


Socket 
5 
SLAZ, QC, T 
C-916655 
916655 


Socket 
5 
SLAZ, QC, T 
C-916656 
916656 


Socket 
5 
SLAZ, QC, T 
C-916671 
916671 


Socket 
5 
SLAZ, QC, T 
C-916672 
916672 


1 
, 
Socket 
7 
SLAZ, QC, T 
C-916637 
916637 


Socket 
7 
SLAZ, QC, T 
C-916657 
916657 


Socket 
7 
SLAZ, QC, T 
C-916658 
916658 


Appros 
Socket 
5 
SLAZ, QC, T 
KEA391129 
SLR-S 19-320-LN2 


(408) 567-1234 
Socket 
7 
SLAZ, QC, T 
KEA391130 
SLR-S19-321-LN2 


Average plating thickness 
used for qualification 
testing: 
11.2 micro inches gold. 


Al..lgat 
Socket 
5 
SLAZ,QC, 
T 
MP-AX159BCD20 
MP-AX159BCD203 


(800) 999-7646 
Socket 
5 
SLAZ, QC, T 
MP-AX159BCD20A 
MP-AX159BCD203A 


Socket 
5 
SLAZ, QC, T 
MP-AX159BCD20B 
MP-AX159BCD203B 


Socket 
7 
SLAZ, QC, T 
MP-AX164BCD21X 
MP-AX164BCD213 


Socket 
7 
SLAZ, QC, T 
MP-AX164BCD21 
XA 
MP-AX164BCD213A 


Socket 
7 
SLAZ, QC, T 
MP-AX164BCD21 
XB 
MP-AX164BCD213B 


Average plating thickness 
used for qualification 
testing sockets: 
19 micro inches gold. 
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Socket 
No. 
Style 
Drawing 
No. 
Part No. 


BerglMckenzie 
Socket 
5 
SLAZ, QC, T 
SAL B 270086-000 
ZIF 97050-4020 


(510) 654-2700 
Socket 
5 
SLAZ, QC, T 
SAL B 270086-000 
ZIF 97050-4120 


Socket 
7 
SLAZ, QC, T 
SAL B 270088-000 
ZIF 97054-4020 


Socket 
7 
SLAZ, QC, T 
SAL B 270088-000 
ZIF 97054-4120 


Average 
plating thickness 
used for qualification 
testing sockets: 35 micro inches gold 


Foxconn 
Socket 
5 
SLAZ, QC, NT 
309-0000-049 
PZ32023-0120 


(408) 749-1228 
Socket 
5 
SLAZ, QC, T 
309-0000-049 
PZ32033-0120 


Socket 
5 
SLAZ,QC, 
T 
309-0000-049 
PZ32043·0120 


Socket 
5 
SLAZ, QC, T 
309-0000-049 
PZ32053-0120 


Socket 
7 
SLAZ, QC, T 
309-0000-062 
PZ32143-0120 


Socket 
7 
SLAZ, QC, T 
309-0000-062 
PZ32153-0120 


Average plating thickness 
used for qualification 
testing: 
10.0 micro inches gold 


JAE 
Socket 
5 
SLAZ, QC, T 
SJ029842-E 
PCPS-ZL320-A9 


(714) 753-2628 
Socket 
7 
SLAZ, QC, T 
SJ029842-E 
PCPS-ZL321-A9 


Average 
plating thickness 
used for qualification 
testing: Socket 5f7 3.7 micro inched gold 
Flash/31.4 
microinches 
Palladium 
Nickel, Socket 8 4.5 micro inched gold Flash/34 micro 


inches Palladium 
Nickel. 


Producer 
Socket 
5 
SLAZ, QC, T 
PD104-;3202 
PD104-32025 


886-2-202-3578 
Average plating thickness 
used for qualification 
testing: 5.7 micro inches gold. 


Yamaichi 
Socket 
5 
SLAZ, QC, T 
KL-13790 
NP21 0-320-01 OO-CCO 


(800) 769-0797 
Socket 
5 
SLAZ, QC, T 
KL-13425 
NP21 0-320-01 00-CC1 


Socket 
5 
SLAZ, QC, T 
KL-13518 
NP21 0-320-01 00-CC2 


Socket 
5 
SLAZ, QC, T 
KL-13930 
NP21 0-320-01 00-CC3 


Socket 
5 
SLAZ, QC, T 
KL-13625 
NP210-320K13625(D) 


Socket 
7 
SLAZ, QC, T 
KL-13823 
NP210-321-0100-CC1 


Socket 
7 
SLAZ, QC, T 
KL-13620 
NP21 0-321-01 00-CC2 


Socket 
7 
SLAZ, QC, T 
KL-13938 
NP21 0-321-01 00-CC3 


- 


Average plating thickness 
used for qualification 
testing: 6.1 micro inches gOld. 
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INTEL 430TX PCISET: 82439TX SYSTEM 
CONTROLLER 
(MTXC) 


• 
Supports Mobile and Desktop 
• 
Supports the Pentium" Processor 
Family Host Bus at 66 MHz and 60 MHz 
at 3.3V and 2.5V 


• 
PCI 2.1 Compliant 
• 
Integrated Data Path 
• 
Integrated DRAM Controller 
- 
4 Mbytes to 256 MBytes main 
memory' 


- 
64-Mbit DRAM/SDRAM Technology 
Support 
- 
FPM (Fast Page Mode), EDO and 
SDRAM DRAM Support 
- 
6 RAS Lines Available 
- 
Integrated Programmable 
Strength 
for DRAM Interface 
- 
CAS-Before-RAS Refresh, Extended 
Refresh and Self Refresh for EDO 
- 
CAS-Before-RAS and Self Refresh 
for SDRAM 
• 
Integrated L2 Cache Controller 
- 
64-MB DRAM Cacheability 
- 
Direct Mapped Organization-Write 
Back Only 
- 
Supports 256K and 512K Pipelined 
Burst SRAM and DRAM Cache 
SRAM 
- 
Cache Hit ReadlWrite Cycle 
Timings at 3-1-1-1 
- 
Back-to-Back 
ReadlWrite Cycles at 
3-1-1-1-1-1-1-1 


.- 
64K x 32 SRAM also supported 


• 
Fully Synchronous, 
Minimum Latency 


30/33-MHz PCI Bus Interface 
- 
Five PCI Bus Masters (including 
PIIX4) 
- 
10 DWord PCI-to-DRAM Read 
Prefetch Buffer 


- 
18 DWord PCI-DRAM Post Buffer 
- 
Multi-Transaction 
Timer to Support 


Multiple Short PCI Transactions 


• 
Power Management Features 
- 
PCI CLKRUN# Support 
- 
Dynamic Stop Clock Support 
- 
Suspend to RAM (STR) 
- 
Suspend to Disk (STD) 
- 
Power On Suspend (POS) 
- 
Internal Clock Control 
- 
SDRAM and EDO Self Refresh 
During Suspend 
- 
ACPI Support 
- 
Compatible 
SMRAM (C_SMRAM) 


and Extended SMRAM (E_SMRAM) 
- 
SMM Writeback Cacheable in 
E_SMRAM Mode up to 1 MB 
- 
3.3/5V DRAM, 3.3/5V PCI 3.3/5V Tag 
and 3.3/2.5 SRAM Support 


• 
Test Features 
- 
NAND Tree Support for all Pins 


• 
Supports the Universal Serial Bus 
(USB) 


• 
324-Pin MBGA 430TX PClset 
Xcelerated Controller 
(MTXC) with 
integrated 
Data Paths 


The Intel 430TX 
PClset (430TX) consists 
of the 82439TX 
System Controller 
(MTXC) and the 82371AB 
PCIISA 


IDE Xcelerator 
(PIIX4). The 430TX supports 
both mobile and desktop architectures. 
The 430TX forms a Host-to- 
PCI bridge and provides the second level cache control and a full function 
64-bit data path to main memory. The 
MTXC 
integrates 
the cache 
and main memory 
DRAM control 
functions 
and provides 
bus control 
to transfers 
between 
the CPU, cache, 
main memory, 
and the PCI Bus. The second 
level (L2) cache controller 
supports 
a 
write back cache policy for cache sizes of 256 Kbytes and 512 Kbytes. 
Cacheless 
designs 
are also supported. 


The cache memory 
can be implemented 
with pipelined 
burst SRAMs or DRAM cache SRAMs. 
An extemal 
Tag 


RAM is used for the address tag and an intemal 
Tag RAM for the cache line status bits. For the MTXC DRAM 
controller, 
six rows are supported 
for up to 256 Mbytes 
of main memory. 
The MTXC 
is highly 
integrated 
by 


including 
the Data Path into the same BGA chip. Using the snoop ahead feature, the MTXC allows PCI masters 


to achieve 
full PCI bandwidth. 
For increased 
system 
performance, 
the MTXC integrates 
posted write and read 
prefetch 
buffers. The 430TX integrates 
many Power Management 
features that enable the system to save power 


wher 
the system resources 
become idle. 
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HD[63:0] 


A[31 :0] 
BE[7:0]# 


ADS# 


D/C# 
M/lO# 
W/R# 


BRDY# 
EADS# 


HITM# 


BOFF# 
AHOLD 
NA# 
KEN#/lNV 
CACHE# 
HLOCK# 
SMIACT# 


in1et 


.. 


- 


-- 
PCI 
- 
Host 
Interface 
- 
Interface 
~,--. 
-- 


- 


DRAM 
--+ 
- 
Interface 
- 
Cache 
- 
Interface 
-- 
I+- 
- 


Clocks, 
Reset, 


----- 


Test, 
and 
Power 
Mgnt 


CLKRUN# 
AD[31 :0] 
C/BE[3:0]# 
FRAME# 
TRDY# 
IRDY# 
STOP# 
PLOCK# 
DEVSEL# 


PAR 
REQ[3:0]# 
GNT[3:0]# 
PHLDA# 


PHLD# 


CCS# 
TWE# 
COE# 


GWE# 
CADS# 
CADV# 


TIO[7:0] 
KRQAK/CS4_64# 
BWE# 


MD[63:0] 
SRAS[A,B]# 
RAS[5:0]#/CS[5:0]# 
CAS[7:0]#/DQM[7:0]# 
MA[11 :0] 


SCAS[A,B]# 
MWE# 


MWEB# 
CKE/MAAO, 
CKEB/MAA1 


HCLKIN 
PCLKIN 


RST# 


TEST# 


SUSCLK 


SUSSTAT1# 
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MTXC Simplified 
Block Diagram 
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82439TX 
(MTXC) 


1.0. 
ARCHITECTURE 
OVERVIEW 


ThB 
MTXC 
host 
bridge 
provides 
a completely 
integrated 
solution 
for 
the 
system 
controller 
and 
datapath 


cornponents 
in a Pentium 
processor 
system. The MTXC Supports 
all Pentium family processors 
since P54C, it 
has 64-bit 
Host and 
DRAM 
Bus 
Interface, 
32-bit 
PCI 
Bus 
Interface, 
Second 
level 
Cache 
Interface, 
and 
it 


inteqrates the PCI arbiter. 


ThE! MTXC 
interfaces 
with the Pentium 
processor 
host bus, a dedicated 
memory 
data bus, and the PCI bus 
(see Figure 1). 


ThEi'MTXC bus interfaces 
are designed 
to interface with 2.5V, 3.3V and 5V busses. The MTXC implements 
2.5V 
and 3.3V drivers and 5V tolerant 
receivers. 
The MTXC connects 
directly to the Pentium processor 
3.3V or 2.5V 
host bus, directly 
to 5V or 3.3V DRAMs, 
and directly 
to the 5V or 3.3V PCI bus. The 430TX 
also interfaces 
directly to the 3.3V or 5.0V TAGRAM 
and 3.3V Cache. 


The MTXC 
works with the PCI IDElISA 
Accelerator 
4 (PIIX4). 
The PIIX4 provides 
the PCI-to-ISAlEIO 
bridge 


functlons 
along with other features 
such as a fast IDE interface 
(PlO mode 4 and Ultra DMAl33), 
Plug-n-Play 
port, APIC interface, 
PCI 2.1 Compliance, 
5MBUS 
interface, 
and Universal 
Serial Bus Host Controller 
functions. 


DRAM Interface 


The DRAM interface 
is a 64-bit data path that supports 
Standard 
(or Fast) Page Mode (FPM), 
Extended 
Data 


Out (EDO) and Synchronous 
DRAM 
(SDRAM) 
memory. 
The DRAM controller 
inside the MTXC 
is capable 
of 


gemlrating 
3-1-1-1 for posted writes for any type of DRAM that is used. While read performance 
is 6-1-1-1 for 
SDFlAM, 5-2-2-2 for EDO, and 6-3-3-3 for FPM. 


The DRAM interface 
supports 
4 Mbytes to 256 Mbytes with six RAS lines. The MTXC supports 
4-Mbit, 
16-Mbit, 


and 64-Mbit 
DRAM and SDRAM 
technology, 
both symmetrical 
and asymmetrical. 
Parity is not supported, 
and 


for loading reasons, x32 and x64 SIMMs/DIMMS/SO-DIMMs 
should be used. 


seecnd 
Level Cache 


The second 
level cache 
is direct 
mapped 
and supports 
both 256-Kbyte 
and 512-Kbyte 
SRAM 
configuration 


usin!~ Pipeline 
Burst SRAM or DRAM Cache SRAM. The Cache performance 
is 3-1-1-1 for line read/write 
and 


3-1-'1-1-1-1-1-1 
for back to back reads that are pipelined. 
Cacheless 
configuration 
is also supported. 


PCI Interface 


The PCI interface 
is 2.1 compliant 
and supports 
up to four PCI bus masters 
in addition 
to the PIIX4 bus master 
requests. 
' 


Datapath 
and Buffers 


The MTXC contains 
three sets of data buffers for optimizing 
data flow. A five aWord 
deep DRAM write buffer is 
provided 
for CPU-to-DRAM 
writes, second 
level cache write backs, and PCl-to-DRAM 
transfers. 
This buffer is 


used to achieve 
3-1-1-1 posted writes to DRAM and also provides 
DWord merging 
and burst merging 
for CPU- 


to-DFIAM write cycles. 
In addition, 
an extra line of buffering 
is provided 
that is combined 
with the DRAM Write 
Buffer to supply an 18 DWord deep buffer for PCI to main memory 
writes. A five DWord buffer is provided 
for 


CPU·to-PCI 
writes 
to help maximize 
the bandwidth 
for graphic 
writes 
to the PCI bus. Also, five owords of 
prefetch 
buffering 
has been added 
to the PCI-to-DRAM 
read path that allows 
up to two lines of data to be 
prefetched 
at an x-2-2-2 rate. The MTXC interfaces 
directly to the Host and DRAM data bus. 


POWEirManagement 
Features 


The MTXC implements 
extensive 
power management 
features. 
The CLKRUN# 
feature enables controlling 
of the 
PCI 
dock 
(on/off). 
The 
MTXC 
supports 
POS, 
STR, 
STD, 
and 
Soft-off 
suspend 
states. 
SUSCLK 
and 
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SUSSTAT1# signals are used for implementing Suspend Logic. The MTXC supports two SMRAM modes; 
Compatible SMRAM (C_SMRAM) and Extended SMRAM (E_SMRAM). The C_SMRAM is the traditional 
SMRAMfeature 
implemented in Intel PClsets. The E_SMRAM is a new feature that supports writeback 
cacheable SMRAM space up to 1 Mbytes. In order to minimize the idle power, the internal clock in MTXC is 
turned off (gated off) when there is no activity on the Host and PCI Bus. 


Pentium® 
Processor 
! 


For Mobile 
Docking 
Stations 
Only 
r····_···_····_··_····_····_······_····_···· 
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i 
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-L__~~~~~ 
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II 
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_ 
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_ 
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_ 
_ 
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Level 
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Hard 
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Disk 
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Hard 
Disk 
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Figure 1. MTXC System Block Diagram 
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2.0. 
SIGNAL 
DESCRIPTION 


This 
section 
provides 
a detailed 
description 
of each 
signal. 
The 
signals 
are arranged 
in functional 
groups 
accordinq 
to their associated 
interface. 


The "#" symbol at the end of a signal name indicates 
that the active, or asserted 
state occurs when the signal is 
at a low voltage 
level. When "#" is not present 
after the signal 
name, the signal is asserted 
when at the high 
voltage level. 


Thl~ terms assertion 
and negation 
are used exclusively. 
This is done to avoid confusion 
when working 
with a 
mixture 
of "active 
low" and "active 
high" signal. The term assert, 
or assertion 
indicates 
that a signal 
is active, 
independent 
of whether that level is represented 
by a high or low voltage. The term negate, or negation 
indicates 
that a signal is inactive. 


ThH I/O buffer types are shown below: 


Bul'ferType 


I 
o 


I/O 


slt/s 


od 


3.3V/2.5V 


Description 


input only signal 


totem pole output 


bi-direction, 
tri-state input/output 
pin 


sustained 
tri-state 


open drain 


Indicates the buffer is 3.3V or 2.5V only, depending 
on the voltage 
(3.3V or 2.5V) connected 
to 
VccX pins. 


Indicates that the output is 3.3V and input is 3.3V receiver with 5V tolerance. 


Indicates 3.3V receiver with 5V tolerance. 


3.3V15V 


5V 


2.1.. 
MTXC Signals 


2.1.1. 
HOST INTERFACE 


Name 
Type 
Description 


A[3'1:3) 
I/O 
Address 
Bus. A[31 :3) connects 
to the address bus of the CPU. During CPU 
3.3V/2.5V 
cycles A[31 :3) are inputs. The MTXC drives A[31 :3) during inquire cycles on 
behalf of PCI initiators. 
Bits A[31 :26) act as inputs when RST# is active 


BE[;':O)# 
I 
Byte Enables. 
The CPU byte enables indicate which byte lane the current CPU 
3.3V/2.5V 
cycle is accessing. 
All eight byte lanes must be provided to the CPU if the cycle 
is a cacheable 
read regardless 
of the state of BE[7:0)#. 


ADS# 
I 
Address 
Status. 
CPU asserts ADS# in T1 of the CPU bus cycle. 
3.3V/2.5V 


BRDY# 
0 
Bus Ready. The MTXC asserts BRDY# to indicate to the CPU that data is 
3.3V/2.5V 
available on reads or has been received on writes. 


NA# 
0 
Next Address. 
This signal is asserted 
by the MTXC to indicate to the Processor 
3.3V/2.5V 
that it is ready to process a second cycle. 
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Name 
Type 
Description 
.' 


AHOLD 
0 
Address 
Hold. The MTXC asserts AHOLD when a PCI initiator is performing 
a 
3.3V/2.5V 
cycle to DRAM. AHOLD 
is held for the duration of the PCI burst transfer. The 
MTXC will negate AHOLD when the completion 
of the PCI to DRAM read or 
write cycles complete 
and during PCI peer transfers. 
AHOLD 
is kept asserted 
while PHLDA# is asserted 
(Le., duration of PIIX4 granting). 


EADS# 
0 
External Address 
Strobe. 
Asserted 
by the MTXC to inquire the first level 
3.3V/2.5V 
cache when servicing 
PCI master references 
of DRAM. 


BOFF# 
0 
Back Off. Asserted 
by the MTXC when required to terminate 
a CPU cycle that 
3.3V/2.5V 
was in progress. 


HITM# 
I 
Hit Modified. 
Asserted 
by the CPU to indicate that the address presented 
with 


3.3V/2.5V 
the last assertion 
of EADS# is modified in the first level cache and needs to be 
written back. 


M/lO#, D/C#, 
I 
Memory/lO; 
Data/Control; 
Write/Read. 
Asserted 
by the CPU with ADS# to 
W/R# 
3.3V/2.5V 
indicate the type of cycle that the system needs to perform. 


HLOCK# 
I 
Host Lock. All CPU cycles sampled 
with the assertion 
of HLOCK# 
and ADS#, 


3.3V/2.5V 
until the negation of HLOCK# 
must be atomic, i.e. no PCI activity to DRAM is 
allowed. 


CACHE# 
I 
Cache. Asserted 
by the CPU during a read cycle to indicate the CPU will 
3.3V/2.5V 
perform a burst line fill. Asserted 
by the CPU during a write cycle to indicate the 
CPU will perform a burst writeback 
cycle. If CACHE# 
is asserted 
to indicate 
cacheability, 
the MTXC will assert KEN# either with the first BRDY#, or with 
NA# if NA# is asserted 
before the first BRDY#. 


KEN#/INV 
0 
Ken/lnvalldate. 
KEN#/INV 
functions 
as both the KEN# signal during CPU read 


3.3V/2.5V 
cycles, and the INV signal during L1 snoop cycles. During CPU cycles, 
KEN#/INV 
is normally 
low. KEN#/INV 
is driven high during the 1st BRDY# or 


NA# assertion 
of a non-L 1-cacheable 
CPU read cycle. 


KEN#/INV 
is driven high (Iow) during the EADS# assertion 
of a PCI master 
DRAM write(read) 
snoop cycle. Note that KEN#/INV 
operation 
during snoop 
cycles is independent 
of the FLCE bit programming. 


SMIACT# 
I 
System Management 
Interrupt Active. This is asserted 
by the CPU when it is 
3.3V/2.5V 
in system management 
mode as a result of an SMI. This signal must be 
sampled active with ADS# for the processor 
to access the SMM space of 
DRAM, located at AOOOOh,after SMM space has been loaded and locked by 
BIOS at system boot. 


HD[63:0) 
I/O 
Host Data. These signals are connected 
to the CPU data bus. These signals 
3.3V/2.5V 
have internal pull-down 
resistors. 


NOTES: 


All of the signals in the host interface are described 
in the Pentium Processor data sheet. The preceding table 


highlights 
MTXC specific uses of these signals. 
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2.1.:2. 
DRAM INTERFACE 


Name 
Type 
.. 
Description 


RAS[3:0]# 
0 
Row Address 
Strobe-RASx# 
(EDOIFPM). 
These pins select the DRAM row. 
or 
3.3V 
CSI3:0]#, 
Chip Select-CSx# 
(SDRAM). 
These pins activate the SDRAMs. 
SDRAM 
accepts 
any command 
when its CS# pin is active low. 
RAS4#/CS4#/ 
BA·I, 
Note: For 64Mbit SDRAM support, 
BA1/MA12 
and MA13 are muxed with the 
RAS4# and RAS5# signals, respectively. 
When SDRAMC[bit 
1]=1, BA1 and MA13 
RAB5#/CS5#/ 
are driven out on these lines. 
MAI3 


CA8[7:0]# 
or 
0 
Column 
Address 
Strobe (EDOIFPM): 
These pins select the DRAM column. 


DQM[7:0] 
3.3 V 
Input/Output 
Data Mask SDRAM). 
These pins act as synchronized 
output enables 
during a read cycle and a byte mask during a write cycle. The read cycles require 
Tdqz clock latency before the functions 
are actually performed. 
In case of a write 
cycle, word mask functions 
are performed 
in the same cycle (0 cycle latency). 


MA[11:0] 
0 
Memory Address 
(EDOIFPM/SDRAM). 
This is the row and column address for 
3.3V 
DRAM. These buffers now include programmable 
size selection, 
as controlled 
by 
the DRAMEC[MAD) 
bit. For 64-Mbit SDRAM support BA1/MA12 
and MA13 are 
muxed with the RAS4# and RAS5# signals, 
respectively. 


MWEB# 
0 
Memory Write Enable (second 
copy) (EDOIFPMlSDRAM). 
MWE# should be 
3.3V 
used as the write enable for the memory data bus. This signal has programmable 
buffer size selection. 


MWE# 
0 
Memory Write Enable (EDOIFPM/SDRAM). 
MWE# should be used as the write 
3.3 V 
enable for the memory data bus. This signal has programmable 
buffer size 
selection. 


SRAS[A,B)# 
0 
SDRAM 
Row Address 
Strobe (SDRAM). 
When asserted, 
this signal latches 
Row 
3.3V 
Address on the positive edge of the clock. This signal also allows Row access and 
precharge. 
Two copies are provided for loading purpose. These signals have 
programmable 
buffer size selection. 


SCA8[A,B)# 
0 
SDRAM Column 
Address 
Strobe (SDRAM). 
When asserted, 
this signal latches 
3.3V 
Column Address on the positive edge of the clock. This signal also allows Column 
access. Two copies provided for loading purpose. These signals have 
programmable 
buffer size selection. 


CKElMAAO 
0 
SDRAM 
Clock Enable (SDRAM). 
SDRAM 
clock enable pin. When this signal is 
3.3V 
negated, SDRAM enters power down mode. This signal is also muxed to provide a 
second copy of memory address 
MAO (MAAO). The MA function 
is selected 
via 
DRT[bit2) (offset 67h). 


MTXC negates CKE (and CKEB) when SUSSTAT1# 
is asserted. 
Note that MTXC 
asserts CKE (and CKEB) for all rows (i.e., CKE and CKEB cannot be selectively 
asserted for certain rows and negated for other rows). 


1998 PentiurrflY Processor 
Databook 
PRELIMINARY 
6-7 


82439TX 
(MTXC) 


Name 
Type 
Description 
, 


CKEBIMAA1 
0 
SDRAM 
Clock Enable (SDRAM) 
(second 
copy). SDRAM clock enable pin. When 
3.3V 
this signal is negated, 
SDRAM enters into power down mode. Note that this signal 
is not implemented 
in the "Suspend 
Well" and should not be used if suspend to 


RAM (STR) is implemented. 
This signal is also muxed to provide a second copy of 


memory address MA1 (MAA1). The MA function 
is selected via DRT[bit2] 
(offset 


67h). 


MTXC negates CKE (and CKEB) when SUSSTAT1#is 
asserted. 
Note that MTXC 


asserts CKE (and CKEB) for all rows (i.e., CKE and CKEB cannot be selectively 
asserted for certain rows and negated for other rows). 


MD[63:0] 
I/O 
Memory Data. These signals are connected 
to the DRAM data bus. These signals 
3.3V/5V 
have internal pull-down 
resistors 
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2.1.3. 
SECONDARY 
CACHE 
INTERFACE 


Name 
Type 
Description 


CADV# 
0 
Cache Advance. 
Assertion 
causes the PBSRAM 
in the secondary 
cache to 
3.3V 
advance 
to the next QWord in the cache line. 


CADS# 
0 
Cache Address 
Strobe. Assertion 
causes the PBSRAM 
in the secondary 
3.3V 
cache to load the PBSRAM 
address 
register from the PBSRAM 
address pins. 


CC:S# 
0 
Cache Chip Select (CCS#). The second level cache will power up, if 
3.3V 
necessary. 
and perform an access if this signal is asserted 
when CADS# 
is 
asserted. 
The second level cache will power down if this signal is negated when 
CADS# is asserted. 
When CCS# is negated the second level cache will ignore 
ADS#. if CCS# is asserted when ADS# is asserted, 
the second level cache will 
power up, if necessary, 
and perform an access. 


COE# 
0 
Cache Output Enable. The secondary 
cache data RAMs drive the CPUs data 
3.3V 
bus when COE# is asserted. 


GWE# 
0 
Global Write Enable. GWE# assertion 
causes all the byte lanes to be written 
3.3V 
into the secondary 
cache data RAMs, if they are powered 
up. 


BWE# 
0 
Byte Write Enable. Asserted 
low with GWE#=HIGH 
to enable using host's 
3.3V 
BE[7:0]# to be used to control byte lanes to pipeline burst SRAM cache. 


TIO[7:0] 
1/0 
Tag Address. 
These are inputs during CPU accesses 
and outputs during 
3.3V/5V 
second level cache line fills and second level cache line invalidates 
due to 


inquire cycles. These signals have internal pull-down 
resistors. 


TWE# 
0 
Tag Write Enable. When asserted, 
new state and tag addresses 
are written 
3.3V 
into the external tag. 


KROAKI 
110 
KRQAKlChip 
Select 4 (for 64-Mb Technology). 
This pin is a dual-function 


CS4_64# 
3.3V 
signal. KRQAK is used in a DRAM Cache L2 implernentation 
and is a 
bi-directional 
refresh request/acknowledge. 
The CS4_64# 
function is used 
to generate the fifth chip select line in a SDRAM L2 Cache implementation 
1,- 
that supports five rows of 64-Mbit SDRAM. 


During a hard reset, this signal is sampled 
to determine 
if DRAM cache is in 
the system (see MTXC Strapping 
options). This signal has a weak internal 
pull-down. 


If SDRAMC[bit 
1]=1 and DRAM cache is not present in the system (indicated 
by 
CEC[bit 5]=0, offset 53h), the CS4_64# 
function 
is selected. 
If DRAM cache is in 
the system or SDRAMC[bit 
1] (offset 54h)=0, then KRQAK is used to drive the 


- 
ne 
. 
KRQAK function . 
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2.1.4. 
PCIINTERFACE 


Name 
Type 
Description 


AD[31:0] 
I/O 
Address/Data. 
The standard 
PCI address and data lines. Address 
is driven with 


3.3/5V 
FRAME# assertion, 
data is driven or received in following 
clocks. 


C/BE[3:0]# 
I/O 
CommandIBy1e 
Enable. 
The command 
is driven with FRAME# 
assertion, 
byte 


3.3/5V 
enables corresponding 
to supplied 
or requested 
data is driven on following 
clocks. 


FRAME# 
I/O 
Frame. 
Assertion 
indicates the address phase of a PCI transfer. 
Negation 
indicates 


3.3/5V 
that one more data transfer is desired 
by the cycle initiator. 


DEVSEL# 
I/O 
Device 
Select. 
This signal is driven by the MTXC when a PCI initiator is attempting 
3.3/5V 
to access DRAM. DEVSEL# 
is asserted 
at medium decode time. 


IRDY# 
I/O 
Initiator 
Ready. 
Asserted 
when the initiator is ready for a data transfer. 


3.3/5V 


TRDY# 
I/O 
Target 
Ready. 
Asserted when the target is ready for a data transfer. 


3.3/5V 


STOP# 
I/O 
Stop. Asserted 
by the target to request the master to stop the current transaction. 


3.3/5V 


LOCK# 
I/O 
Lock. 
Used to establish, 
maintain, 
and release resource 
locks on PCI. 


3.3/5V 


REQ[3:0]# 
I 
PCI Request. 
PCI master requests for PCI bus. 


3.3/5V 


GNT[3:0]# 
0 
PCI Grant. 
Permission 
is given to the master to use PCI. 


3.3V 


PHLD# 
I 
PCI Hold. This signal comes from the expansion 
bridge. It is the bridge request for 
3.3/5V 
PCI. The MTXC will drain the DRAM write buffers, drain the CPU-to-PCI 
posting 
buffers, and acquire the host bus before granting via PHLDA#. 


PHl.DA# 
0 
PCI Hold Acknowledge. 
This signal is driven by the MTXC to grant PCI to the 
3.3V 
expansion 
bridge. PHLDA# protocol has been modified to include support for 
passive release. 


PAFI 
I/O 
Parity. 
A single parity bit is provided over AD[31 :0] and C/BE[3:0]. 
This signal 


3.3/5V 
should be pulled high through a weak external pull-up resistor. 


CLKRUN# 
I/O 
CLOCK 
RUN. An open drain output and also an input. MTXC requests the central 


3.3/5V 
resource 
(PIIX4) to start, or maintain 
the PCI clock by the assertion 
of CLKRUN#. 


MTXC will tri-state CLKRUN# 
upon negation of reset (since CLK is running upon 
negation of reset). External pull-up is required. 
Note: This signal should be 


connected 
to the PIIX4 CLKRUN# 
pin. However, 
if it is left as a no connect on the 
MTXC, it must be pulled low through a 100n 
(pull-down 
resistor. 


RSH 
I 
Reset. When asserted this signal asynchronously 
resets the MTXC. The PCI 
3.3/5V 
signals also tri-state compliant 
to PCI Rev 2.0 and 2.1 specifications. 
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2.1.5. 
TEST AND CLOCK 


ame 
Type 
Description 


TEST# 
I 
Test In. NAND tree mode is activated 
by driving this pin low. The test mode selected 
3.3/5V 
depends on the state of REQ[3:0j#. 
This pin should be pulled high with an external 
pull-up during normal operation. 


HCLKIN 
I 
Host Clock 
In. This pin receives a buffered 
host clock. This clock is used by all of the 
3.3/2.5V 
MTXC logic that is in the Host clock domain. 


PCLKIN 
I 
PCI Clock 
In. This pin receives a buffered divide-by-2 
host clock. This clock is used by 
3.3/5V 
all of the MTXC logic that is in the PCI clock domain. 


2.1.6. 
POWER 
MANAGEMENT 


Name 
Type 
Description 


SUSCLK 
I 
Suspend 
Clock. 
The signal is a 32 KHz input for DRAM refresh circuitry and 
3.3V 
clocking events in suspend 
state. The DRAM refresh during suspend 
and 
non-suspend 
states is performed 
based on this clock. This signal has an internal 


pull-down 
resistor. 


SUSSTAT1# 
I 
Suspend 
Status. 
SUSSTAT1# 
indicates 
MTXC's power plane status during 
3.3V 
suspend 
mode. SUSSTAT1#, 
along with SUSCLK and RST#, define the suspend 
protocol between 
MTXC and PIIX4. This signal has an internal pull-up resistor. 


2.1.7. 
POWER AND GROUND 
PINS 


Name 
Type 
Description 


Vcc 
3.3V 
Main voltage 
supply. 
These pins are the primary voltage supply for the MTXC core and 
I/O periphery 
and must be connected 
to 3.3V. 


Vcc (CPU) 
3.3V 
CPU Interface 
Voltage 
Supply. 
These pins are the primary voltage supply for the 
or 
MTXC Host periphery 
and must be connected 
to either 2.5V or 3.3V, depending 
on the 
2.5V 
voltage level of the CPU interface. 
Refer to the Power sequencing 
requirements 
section 
for additional details. 


Vcc (SUS) 
3.3V 
Suspend 
Well Voltage 
Supply. 
These pins are the primary voltage supply for the 
MTXC suspend 
logic and I/O. If suspend to RAM is supported, 
these pins should be on 
an isolated power plane; otherwise, 
they can be connected 
to the same 3.3V source 
used for the Vcc pins. 


Vcc:5REF 
3.3V 
Voltage 
Reference. 
This pin is tied to 5V through a small external power sequencing 
or5V 
circuit, if MTXC signals are required to be 5V Tolerant. 
In a non 5V tolerant system 
(i.e. 3.3V only system), this signal can be tied directly to Vcc. Refer to the Power 
sequencing 
requirements 
section for additional 
details. 


Vss 
OV 
Ground. 
These pins are the ground for the MTXC. 
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of the host clock connected 
to the host clock pin and the voltage on the Vcc(CPU) 
pins. An external pull-down 
or pull-up resistor is required on this pin (pulled down for 
2.5V and pulled up for 3.3V). 


HFD 
A27 
Frequency 
Detection. 
BIOS can use this bit to determine 
if the system is 60 MHz 
(external pull-up) or 66 MHz (no strapping 
is present) as described 
in the DRTH 
Register, bit 7. DRTH[bit 7] register is initialized with the inverted value of pin A27 
upon reset negation. The A27 input buffer includes a weak pulldown 
resistor which will 


force DRTH[bit 7] to default to 1 if no strapping 
is present. 


2.3. 
Power Planes 


The MTXC 
has three primary 
intemal 
power planes. 
These 
power planes 
PEt'"mitparts of the MTXC to power 
down to conserve 
battery life. Table 1 shows the internal planes and their uses. 


Table 1. MTXC Internal 
Power 
Planes 


Power 
Description 
Signals 
Powered 
Vcc Pins 
GND 
Plane 
Pins 


SUSPEND 
Contains the logic needed to resume from the 
MWE#, MWEB#, 
Vcc (SUS) 
Vss 


Suspend-to-RAM 
state. This power supply should 
CKE, RAS[5:0]# 
1, 
be capable of providing a "trickle" current. 
CAS[7:0]#, 
SUSCLK, 
SUSSTAT1# 
The input signals attached to the SUSPEND 
power plane Do Not Support 5V Input Levels. 
These signals must not exceed Vcc (SUS). 


CPU 
CPU Interface signals have a separate 
supply so 
A[31 :3]. BE[7:0]#, 
Vcc (CPU) 
Vss 


that the CPU interface can be 3.3V for existing 
ADS#, BRDY#, NA#, 


CPUs and can be 2.5V on future CPUs. 
AHOLD, 
EADS#, 


BOFF#. HITM#, 
M/IO#, D/C#, W/R#, 
HLOCK#, 
CACHE#. 
KEN#/INV, 
SMIACT#, 


HD[63:0], 
HCLKIN 


Vcc5REF 
The Vcc5REF signal provides protection 
for the 5V 
PCI Bus Input and 1/0, 
Vcc5REF 
Vss 


tolerant 3.3V signals. 
MD[63:0], TlO[7:0], 
PCLKIN, TEST# 


MAIN 
Contains all the rest of the MTXC logic. This plane 
All Other Signal Pins 
Vcc 
Vss 


is powered by the main system power supply. 
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NOTES: 


1. 
KRQAK is not part of the suspend well. When this pin is used as the S'" RAS line (CS4_64), 
special 
considerations 
must be taken. 


2.4. 
Power Sequencing 
Requirements 


The VccSREF signal must be tied to SV in a system 
requiring 
SV tolerance. 
In a SV tolerant 
system, 
VccSREF 
must power 
up before or simultaneous 
to Vcc. It must power down after or simultaneous 
to Vcc. At any time, 


Vcc5REF 
should not be more than 0.6 volts below Vcc. In a non-sv 
tolerant 
system 
(3.3V only), this signal can 


be 1ied directly 
to Vcc. In this case, there are no sequencing 
requirements. 
Refer to Figure 2 for an example 
circuit schematic 
which may be used to ensure the proper VccSREF sequencing. 


Vcc Supply 
(3.3V)- 
5V Supply 
- 
•... 
r 
1kQ 


To System 
VREF 
To System 


,,"c••• 


Figure 
2..Example 
Vcc5REF Sequenclng 
Circuit 


The Vcc(CPU) 
power plane is tied to either 2.S volts or 3.3 volts, depending 
on the voltage 
level of the CPU 


interface. 
In a system 
that 
ties this 
power 
plane 
to 2.5 volts, 
the 
Vcc(CPU) 
pins 
must 
power 
up after 
or 
simultaneous 
to Vcc. It must power down before or simultaneous 
to Vcc. At any time, Vcc should 
not be more 


than 1.2 volts below the Vcc(CPU) 
plane. 
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2.5. 
Signal States During And After A Hard Reset 


Table 2 shows the state of all the MTXC output and bi-directional 
signals when RST# is asserted. 
An undefined 
stale means that the signal is driven either high or low, but not tri-stated. 


Table 2. Signal 
States 
During/After 
Reset 


Name 
State during 
State After 
RST# 
RST# 


A[31:3) 
Low 
Tri-State 


BRDY# 
High 
High 


NA# 
High 
High 


AHOLD 
High 
Low 


EADS# 
High 
High 


BOFF# 
High 
High 


KEN#/INV 
Low 
Low 


HD[63:0) 
Tri-State 
Tri-State 


FIAS[5:0)# or 
Undefined 
High 
CS[5:0)# 


CAS[7:0)# 
or 
Undefined 
Undefined 
DQM[7:0) 


MA[11:0), 
Undefined 
Undefined 


BA1,MA13 


MWE#, 
High 
High 
MWEB# 


SRAS[A,B)# 
High 
High 


SCAS[A,B)# 
High 
High 


CKE,CKEB 
Undefined 
High 


MD[63:0) 
Tri-State 
Tri-State 


CADV# 
High 
High 


CADS# 
High 
High 


Table 2. Signal 
States 
During/After 
Reset 


Name 
State during 
State After 
RST# 
RST# 


CCS# 
Low 
Low 


COE# 
High 
High 


GWE# 
High 
High 


BWE# 
High 
High 


TIO[7:0) 
Low 
Tri-State 


TlNE# 
Low 
High 


KRQAK 
Input 
Input 


AD[31:0) 
Low 
Tri-State 


C/BE[3:0)# 
Low 
Tri-State 


FRAME# 
Tri-State 
Tri-State 


DEVSEL# 
Tri-State 
Tri-State 


IRDY# 
Tii-State 
Tri-State 


TRDY# 
Tri-State 
Tri-State 


STOP# 
Tri-State 
Tri-State 


LOCK# 
Tri-State 
Tri-State 


GNT[3:0)# 
Tri-State 
High 


PHLDA# 
High 
High 


PAR 
Low 
Undefined 


CLKRUN# 
Tri-State 
Tri-State 
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3.0. 
REGISTER 
DESCRIPTION 


The MTXC 
contains 
two sets of software 
accessible 
registers 
(I/O Mapped 
and 
PCI configuration 
registers), 


accessed 
via the Host CPU I/O address 
space. The I/O mapped 
registers 
control 
access 
to PCI configuration 
space. 
Configuration 
registers 
residing 
in PCI configuration 
space 
used to specify 
PCI configuration, 
DRAM 
configuration, 
cache configuration, 
operating 
parameters 
and optional system features. 


RO 
READ ONLY. If a register is read only, writes to this register have no effect. 


The MTXC intemal 
registers 
(both I/O Mapped and PCI Configuration 
registers) 
are only accessible 
by the Host 
CPU and cannot be accessed 
by PCI masters. The registers can be accessed 
as Byte, Word (16-bit), or DWord 
(32-bit) 
quantities, 
with the exception 
of CONFADD, 
which 
can only be accessed 
as a DWord. 
All multi-byte 
numeric 
fields use "little-endian" 
ordering 
(i.e., lower addresses 
contain 
the least significant 
parts of the field). 


The following 
nomenclature 
is used for access attributes: 


RIW 
READIWRITE. 
A register with this attribute can be read and written. 


RlWC 
READIWRITE 
CLEAR. 
A register 
bit with this attribute 
can be read and written. 
However, 
a write of 


1 clears (sets to 0) the corresponding 
bit and a write of 0 has no effect. 


Some of the MTXC 
registers 
described 
in this section 
contain 
reserved 
bits. Software 
must deal correctly 
with 
fields that are reserved. 
On reads, software 
must use appropriate 
masks to extract the defined 
bits and not rely 
on reserved 
bits being any particular 
value. 
On writes, 
software 
must ensure 
that the values 
of reserved 
bit 
positions 
are preserved. 
That is, the values 
of reserved 
bit positions 
must first be read, merged 
with the new 
values for other bit positions and then written back. 


In addition to reserved 
bits within a register, the MTXC contains 
address locations in the PCI configuration 
space 
that 
are 
marked 
"Reserved" 
(Table 3). 
The 
MTXC 
responds 
to accesses 
to these 
address 
locations 
by 
completing 
the Host cycle and returning 
a value of zero. The registers 
marked as "Undefined" 
will return a non- 
zero value and are defined as read only. Software 
should not write to reserved or undefined 
MTXC configuration 
locations in the device-specific 
region (above address 3Fh). 


Upon RESET, 
the MTXC 
sets its internal 
configuration 
registers 
to predetermined 
default 
states. 
The default 
state represents 
the minimum 
functionality 
feature 
set required 
to successfully 
bring up the system. 
Hence, 
it 
does not represent 
the optimal 
system configuration. 
It is the responsibility 
of the system 
initialization 
software 
(usually 
BIOS) to properly 
determine 
the DRAM configurations, 
cache configuration, 
operating 
parameters 
and 
optional system features that are applicable, 
and to program the MTXC registers accordingly. 


3.1. 
VO Mapped 
Registers 


The 
MTXC 
contains 
three 
registers 
that 
reside 
in the CPU 
I/O address 
space-the 
Configuration 
Address 
(CONFADD) 
Register, 
the 
Configuration 
Data 
(CONFDATA) 
Register, 
and 
the 
PM2 
Register 
Block. 
The 
Configuration 
Address 
Register 
enables/disables 
the 
configuration 
space 
and 
determines 
what 
portion 
of 
configuration 
space is visible through the Configuration 
Data window. 
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3.1.1. 
PM2_CNTRL-PM2 
REGISTER 
BLOCK 


I/O Address: 
Default Value: 
Access: 


0022h 
OOh 
Read/Write 


Bit 
Descriptions 


7:1 
Reserved. 


0 
Arbiter Disable (ARB_DIS). 
When ARB_DIS=1, 
the MTXC does not respond to any REQ# signals 
(including 
PHOLD#) 
going active until this bit is set back to O.This bit is used to disable bus master 
accesses 
prior to placing the CPU in a stop clock state. This bit maintains 
cache coherency 
by 
preventing 
PCI masters from gaining access to the PCI bus and causing snoop cycle activity. 


MCTL[Bit 
6] (offset 79h) must be set to 1 before this register is accessible. 


3.1.2. 
CONFADD--CONFIGURATION 
ADDRESS 
REGISTER 


I/O Address: 
Default Value: 
Access: 


OCF8h (Accessed 
as a DWord) 
OOOOOOOOh 
Read/Write 


CONFADD 
is a 32-bit register accessed 
only when referenced 
as a DWord. A Byte or Word reference 
will "pass 
through" 
the Configuration 
Address 
Register 
onto 
the 
PCI bus. 
The 
CONFADD 
register 
contains 
the 
Bus 
Number, 
Device Number, 
Function 
Number, and Register 
Number for which a subsequent 
configuration 
access 
is intended. 


Bit 
Descriptions 


31 
Configuration 
Enable (CONE). 
1=Enable. O=Disable. 


30:24 
Reserved. 


23:16 
Bus Number. When the Bus Number is programmed 
to OOhthe target of the Configuration 
Cycle is 
either the MTXC or the PCI Local Bus that is directly connected 
to the MTXC, depending 
on the 
Device Number field. A type 0 Configuration 
Cycle is generated 
on PCI if the Bus Number is 
programmed 
to OOhand the MTXC is not the target. If the Bus Number is non-zero a type 1 
configuration 
cycle is generated 
on PCI with the Bus Number mapped to AD[23:16] 
during the 
address phase. 


15:11 
Device Number. This field selects one agent on the PCI bus selected 
by the Bus Number. 
During a 


Type 1 Configuration 
cycle this field is mapped to AD[15:11]. 
During a Type 0 Configuration 
Cycle 
this field is decoded and one of AD[31 :11] is driven to a 1. The MTXC is always Device Number O. 


10:8 
Function 
Number. This field is mapped to AD[10:8] 
during PCI configuration 
cycles. This allows the 


configuration 
registers of a particular function in a multi-function 
device to be accessed. 
The MTXC 
responds to configuration 
cycles with a function number of OOOb;all other function number values 
attempting 
access to the MTXC (Device Number=O, Bus Numbereo) 
will generate a type 0 
configuration 
cycle onto the PCI bus with no IDSEL asserted, which will result in a master abort. 


7:2 
Register Number. This field selects one register within a particular 
Bus, Device, and Function as 
specified by the other fields in the Configuration 
Address Register. This field is mapped to AD[7:2] 


during PCI configuration 
cycles. 


1:0 
Reserved. 
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3.1.3. 
CONFDATA-CONFIGURATION 
DATA 
REGISTER 


I/O Address: 
Default Value: 
Access: 


OCFCh 
OOOOOOOOh 
ReadlWrite 


CONFDATA 
is a 32-bit read/write 
window 
into configuration 
space. The portion 
of configuration 
space that is 
referenced 
by CONFDATA 
is determined 
by the contents 
of CONFADD. 


Bit 
Descriptions 


31:0 
Configuration 
Data Window 
(COW). 
If bit 31 of CONFADD 
is 1, any I/O reference 
that falls in the 
CONFDATA 
i/O space is mapped to configuration 
space using the contents 
of CONFADD. 


PCI CONFIGURATION 
SPACE MAPPED 
REGISTERS 


The 
PCI Bus defines 
a slot based 
"configuration 
space" 
that allows 
each device 
to contain 
up to 256 a-bit 
configuration 
registers. 
The PCI specification 
defines 
two bus cycles to access the PCI configuration 
space- 


Configuration 
Read and Configuration 
Write. 
While 
memory 
and I/O spaces 
are supported 
by the Pentium 
microprocessor, 
configuration 
space is not supported. 
The PCI specification 
defines two mechanisms 
to access 
configuration 
space, 
Mechanism 
#1 and 
Mechanism 
#2. The 
MTXC 
supports 
only 
Mechanism 
#1. The 
bus 
cycles used to access MTXC internal configuration 
registers are described 
iater in the PCi cycle timings section. 


The configuration 
access 
mechanism 
makes 
use of the CONFADD 
Register 
and 
CONFDATA 
Register. 
To 
reference 
a configuration 
register, a DWord I/O write cycle is used to place a value into CONFADD 
that specifies 
the PCI bus, the device on that bus, the function 
within the device, and a specific 
configuration 
register of the 
device 
function 
being accessed. 
CONFADD[31) 
must be 1 to enable 
a configuration 
cycle. 
CONFDATA 
then 
becomes 
a window 
onto four bytes of configuration 
space specified 
by the contents 
of CONFADD. 
Any read or 
write to CONFDATA 
will result in the MTXC translating 
CONFADD 
into a PCI configuration 
cycle. 


Type 0 Access 


If the Bus Number field of CONFADD 
is 0 a Type 0 Configuration 
cycle is performed 
on PCI. CONFADD[10:2) 
is 
mapped 
directly to AD[10:2). 
The Device Number field of CONFADD 
is decoded 
onto AD[31 :11). The MTXC is 
Device 
#0 and does not pass its configuration 
cycles 
to PCI so AD11 will never be asserted. 
Device #1 will 
assert AD12, 
Device #2 will assert AD13, and so forth up to Device #20 which will assert AD31. Only one AD 
line is asserted 
at a time. All device numbers 
higher than 20 cause a type 0 configuration 
access with no IDSEL 
asserted, 
which will result in a Master Abort. 


Type 1 Access 


If the 
Bus 
Number 
field 
of 
CONFADP 
is non-zero 
a Type 
1 Configuration 
cycle 
is performed 
on 
PCI. 


CONFADD[23:2) 
is mapped 
directly 
to AD[23:2). 
AD[1 :0) are driven 
to 01 to indicate 
a Type 
1 Configuration 
cycle. All other lines are driven to O. 
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Table 3. MTXC Configuration 
Space 


Address 
Register 
Register Name 
Access 
Offset 
Symbol 


PCI Specific 
Registers 


00-01h 
VID 
Vendor Identification 
RO 


02-03h 
DID 
Device Identification 
RO 


04-05h 
PCICMD 
PCI Command 
Register 
RNI 


06-07h 
PCISTS 
PCI Status Register 
RO, 
RNlC 


08 
RID 
Revision Identification 
RO 


09-0Bh 
CLASSC 
Class Code 
RO 


OCh 
- 
Reserved 
- 


ODh 
MLT 
Master Latency Timer 
RNI 


OEh 
HEDT 
Header Type 
- 


OFh 
BIST 
BIST Register 
, 
RNI 


10-3Fh 
- 
Reserved 
- 


MTXC Specific 
Registers 


40-4Eh 
- 
Reserved 
- 


4Fh 
ACON 
Arbitration 
Control 
RNI 


50h 
PCON 
PCI Control 
ANI 


51h 
- 
Reserved 
- 


52h 
CC 
Cache Control 
ANI 


53 
CEC 
Extended 
Cache Control 
RNI 


54-55h 
SDRAMC 
SDRAM 
Control 
RW 


56h 
DRAMEC 
DRAM Extended 
Control 
ANI 


57h 
DRAMC 
DRAM Control 
RNI 


58h 
DRAMT 
DRAM Timing 
RNI 


59-5Fh 
PAM[6:0] 
Programmable 
Attribute 
Map (7 registers) 
RNI 


60-65h 
DRB[5:0] 
DRAM Row Boundary 
(6 registers) 
RNI 


66h 
- 
Reserved 
- 


67h 
DRTH 
DRAM Row Type High 
RNI 


68h 
DRTL 
DRAM Row Type Low 
ANI 
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Address 
Register 
Register 
Name 
Access 
Offset 
Symbol 


6!H3Ah 
- 
Undefined 
RO 


6B-6Fh 
- 
Reserved 


70h 
MTT 
Multi-Transaction 
Timer 
RNJ 


71h 
ESMRAMC 
Extended 
System Management 
RAM Control 
RNJ 


72h 
SMRAMC 
System Management 
RAM Control 
RNJ 


73h 
- 
Reserved 
- 


74h 
- 
Undefined 
RO 


76-78h 
- 
Reserved 
- 


78h 
- 
Undefined 
RO 


79 
MCTL 
Miscellaneous 
Control Register 
RNJ 


7A-FCh 
- 
Reserved 
- 


FDh 
- 
Undefined 
RO 


FE-FFh 
- 
Reserved 
- 
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3.1.5. 
DID-OEVICE 
IDENTIFICATION 
REGISTER 


Address 
Offset: 


Default Value: 
Attribute: 


02-03h 
7100h 
Read Only 


This 16-bit register combined 
with the Vendor 
Identification 
register uniquely 
identifies 
any PCI device. Writes to 


this register have no effect. 


Bit 
Description 


15:0 
Device 
Identification 
Number. 
This is a 16 bit value assigned to the MTXC. 


3.1.6. 
PCICMD-PCI 
COMMAND 
REGISTER 


Address 
Offset: 


Default: 
Access: 


04-05h 
06h 
ReadlWrite 


This 
16-bit register 
provides 
basic 
control 
over the 
MTXC's 
ability 
to respond 
to PCI cycles. 
The 
PCICMD 
Register in the MTXC enables and disables the assertion 
of SERR# and PCI master accesses 
to main memory. 


Bit 
Description 


15:10 
Reserved. 


9 
Fast Back-to-Back 
(FB2B). 
(Not implemented) 
This bit is hardwired 
to O. 


8 
SERR# Enable 
(SERRE). 
(Not Implemented) 
This bit is hardwired 
to O. 


7 
AddresslData 
Stepping. 
(Not implemented) 
This bit is hardwired 
to O. 


6 
Parity 
Error 
Enable 
(PER RE). (Not implemented) 
This bit is hardwired 
to O. 


5 
Video 
Pallet Snooping 
(VPS). (Not Implemented) 
This bit is hardwired 
to O. 


4 
Memory 
Write and Invalidate 
Enable 
(MWIE). 
(Not Implemented) 
This bit is hardwired 
to O. The 
MTXC will never use the Memory Write and Invalidate 
PCI command. 


3 
Special 
Cycle 
Enable 
(SCE). (Not Implemented) 
This bit is hardwired 
to 0, as the MTXC does not 
respond to PCI special cycles. 
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Description 
. 


Bit 


2 
Bus Master 
Enable 
(BME). (Not Implemented) 
This bit is hardwired 
to 1. The MTXC does not 
support disabling of its bus master capability 
on the PCI Bus. 


1 
Memory 
Access 
Enable 
(MAE). When MAE=1, the MTXC permits 
PCI masters to access main 
memory if the PCI address selects enabled 
DRAM space. When MAE=O, the MTXC does not 
respond to main memory accesses. 


0 
VO Access 
Enable 
(IOAE). 
(Not Implemented) 
The MTXC does not respond to PCI 1/0 cycles. 


This bit is hardwired 
to o. 
, 


3.1.7. 
PCISTS--PCI 
STATUS 
REGISTER 


Address 
Offset: 
Default Value: 
Access: 


06-{)7h 


0200h 
Read Only, ReadlWrite 
Clear 


PCISTS 
is a 16-bit status 
register 
that 
reports 
the occurrence 
of a PCI master 
abort 
and 
PCI target 
abort. 
PCISTS also indicates the DEVSEL# 
timing that has been set by the MTXC hardware. 


Bit 
Description 


15 
Detected 
Parity 
Error 
(OPE). This bit is hardwired 
to 0, as PCI received 
parity checking 
is not 


implemented 
by the MTXC. 


14 
Slgnaled 
System 
Error 
(SSE). This bit is hardwired 
to 0 as MTXC does not support SERR#. 


~ 
13 
Received 
Master 
Abort 
Status 
(RMAS). 
When the MTXC terminates 
a Host-to-PCI 
transaction 
(MTXC is a PCI master) with an unexpected 
master abort, this bit is set to 1. Note that master abort 
is the normal and expected 
termination 
of PCI special cycles. Software 
resets this bit to 0 by writing 
a 1 to it. 


12 
Received 
Target 
Abort 
Status 
(RTAS). 
When a MTXC-initiated 
PCI transaction 
is terminated 
with 
a target abort, RTAS is set to 1. Software 
resets RTAS to 0 by writing a 1 to it. 


11 
Signa led Target 
Abort 
Status 
(STAS). This bit is hardwired 
to 0, as the MTXC never terminates 
a 
PCI cycle with a target abort. 


10:9 
DEVSEL# 
Timing 
(DEVT). This 2-bit field indicates the timing of the DEVSEL# 
signal when the 
MTXC responds as a target, and is hardwired 
to the value 01 b (medium) to indicate the slowest time 
that DEVSEL# 
is generated. 


8 
Data Parity 
Detected 
(DPD). This bit is hardwired 
to 0, as PERR# is not implemented. 


7 
Fast Back-to-Back 
(FB2B). 
This bit is hardwired 
to 0, as fast back to back cycle generation 
is not 


Implemented. 


6 
User Defined 
Format 
(UDF). This bit is hardwired 
to O. This is because the MTXC does not contain 
any configurations 
that depend on the environment, 
such as network frequencies. 


5 
66-MHz 
PCI Capable 
(66C). This bit is hardwired 
to O.The MTXC does not interface to 66-MHz 
PCI. 


4:0 
Reserved. 
., 
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3.1.8. 
RID----REVISION 
IDENTIFICATION 
REGISTER 


Address 
Offset: 


Default Value: 
Access: 


08h 
01h 
Read Only 


This register contains the revision number of the MTXC. These bits are read only and writes to this register have 
no effect. 


Bit 
Description 


7:0 
Revision 
Identification 
Number. 
This is an 8-bit value that indicates the revision identification 
number for the MTXC. 


~ 


3.1.9. 
CLASSC--CLASS 
CODE REGISTER 


Address 
Offset: 
Default Value: 
Access: 


09-0Bh 
OOh 
Read Only 


This 
register 
contains 
the device 
programming 
interface 
information 
related to the Sub-Class 
Code and Base 
Class 
Code 
definition 
for the 
MTXC. 
This 
register 
also 
contains 
the 
Base 
Class 
Code 
and 
the 
function 
sub-class 
in relation to the Base Class Code. 


Bit 
Description 
, 


23:16 
Base Class Code (BASEC). 
06=Bridge 
device. 


15:8 
Sub-Class 
Code (SCC). OOh=Host Bridge. 
• 


7:0 
Programming 
Interface 
(PI). OOh=Hardwired as a Host-to-PCI 
Bridge. 


3.1.10. 
MLT-MASTER 
LATENCYTJMER 
REGISTER 


Address 
Offset: 


Default Value: 
Access: 


ODh 
OOh 
Read/Write 


MLT is an 8-bit register that controls the amount of time the MTXC, as a bus master, 
can burst data on the PCI 
Bus. The Count Value is an 8-bit quantity. 
However 
MLT[2:0] are reserved 
and assumed 
to 0 when determining 
the Count Value. MLT is used to guarantee 
the host CPU a minimum amount of the system resources. 


The number 
of clocks programmed 
in the MLT represents 
the guaranteed 
time slice (measured 
in PCI clocks) 
allotted to the MTXC, after which it must surrender 
the bus as soon as other PCI masters 
request the bus. The 
default value of MLT is OOhor 0 PCI clocks. 


Bit 
Description 


7:3 
Master 
Latency 
Timer 
Count 
Value 


2:0 
Reserved. 
Read as Os 
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3.1.11. 
HEDT-HEADER 
TYPE REGISTER 


Address 
Offset: 
OEh 
Default Value: 
OOh 
Access: 
Read Only 


This register contains the Header Type of the MTXC. This code is OOh indicating 
that the MTXC's configuration 


space map follows the basic format. 


Bit 
Description 


7:0 
Device Type (DEVICET). 
oohelnotcates 
a basic configuration 
space format. 


3.1.12. 
BIST-SIST 
REGISTER 


Address 
Offset: 


Default Value: 
Access: 


OFh 
OOh 
ReadlWrite 


The Built In Self Test (BIST) function is not supported 
by the MTXC. Writes to this register have no effect. 


Bit 
Description 


7 
BIST Supported. 
This read only bit is always set to 0, disabling 
the BIST function. 
Writes to this bit 


position have no effect. 


6 
Start 
BIST. This function is not supported 
and writes have no effect. 


5:4 
Reserved. 


3:0 
Completion 
Code. This read only field always retums 0 when read and writes have no effect. 


3.1.13. 
ACON-ARBITRATION 
CONTROL 
REGISTER 


Address 
Offset: 


Default Value: 
Access: 


4Fh 
OOh 
ReadlWrite 


The ACON Register enables and disables features 
related to PCI arbitration 
and PCI 2.1 compliance. 


Bit 
Description 


7 
Extended 
CPU-to-PIIX4 
PHLDA# 
Signaling 
Enable 
(XPLDE). 
When XPLDE=1, 
the MTXC adds 


the following 
additional signaling to signal PHLDA# (i.e., in addition to the normal CPU/PIIX4 
PHOLD/PHLDA# 
protocol): 


1. Whenever 
the North bridge begins a PCI readlwrite 
transaction, 
it will assert PHLDA# for 
1 PCLK within the address phase of the transaction. 


2. 
If the CPU is attempting 
a LOCKed cycle AND LOCK has been established 
(i.e. PLOCK# was 
seen negated in address phase), the PHLDA# remains asserted for one additional 
clock following 
the address phase. 


This bit should be set to 1 anytime both Passive Release and Delayed Transaction 
are enabled in 


the PIIX4. Passive release and delayed transaction 
are enabled via bits 1 and 0 in PIIX4 register 82h 
(function 0). When bit 7 in this register is set to 1 (enabled), 
Bit 7 in PIIX4 Register, 6A (Function 0) 


must also be set to 1. When enabling these two bits, enable Bit 7 in the PIIX4 first, followed 
by bit 7 


in this register. When disabling these two bits, disable Bit 7 in this register first, followed 
by bit 7 in 
the PIIX4. 


6:0 
Reserved. 
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3 
PCI Concurrency 
Enable 
(PCEl. 
1=CPU can access DRAM and L2 while a non-PIIX4 
PCI master 
is targeting 
Peer PCI devices. 0 (default)=CPU 
is held off of the bus during all PCI master cycles. 


This bit should be set to 1 by BI08 
during normal operation. 


2:0 
Reserved. 


3.1.15. 
CC--CACHE 
CONTROL 
REGISTER 


Address 
Offset: 
Default Value: 
Access: 


52h 
88880010 
(8=8trapping 
option) 
Read/Write 


This 8-bit register 
defines 
the secondary 
cache operations. 
The CC register 
enables 
and disables 
the second 
level cache, 
adjusts 
cache 
size, selects 
the cache 
write policy, 
selects 
the caching 
policy 
when 
CACHE# 
is 
negated on reads, informs the MTXC how the 8RAMs 
are connected, 
and defines the cache 8RAM type. After a 
hard reset, CC[7:4] reflect the signal levels on the Host address lines A[31 :28]. 


Bit 
Description 


7:6 
Secondary 
Cache 
Size (SCS). This field reflects the inverted signal level on the A[31 :30] pins at the 
rising edge of the RE8ET signal. The options are: 


Blts[7:6] 
Secondary 
Cache Size 


00 
Cache not populated 
01 
256 Kbytes 
10 
512 Kbytes 
11 
Reserved 


The RE8ET values can be overwritten 
with subsequent 
writes to the CC Register. 


NOTE 


1. 
When bits[7:6]=00, 
the secondary 
cache is disabled. 


2. 
When 
bits[7:6]~O, 
the FLCE bit must also be set to 1 (L2 cache 
cannot 
be enabled 
unless the L1 cache is also enabled). 
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Bit 
Description 


5:4 
L2 SRAM Type (L2SRAMT). 
This field reflects the inverted signal level on the A[29:28] 
pins at the 
rising edge of the RESET signal. The RESET values can be overwritten 
with subsequent 
writes to 
the CC Register. The options are: 


Bits[5:4] 


00 
01 
10 
11 


SRAM Type 


Pipelined Burst SRAM 
Reserved 
Reserved 
Two banks of Pipelined Burst 


NOTE 


When 
512-KB 
Pipelined 
Burst SRAM 
L2 mode is selected 
(via SCS and SRAMT), 
CCS# 
is 
negated 
after NA# is asserted, 
and reasserted 
after a pipelined 
ADS# 
is detected. 
CADS# 
is 
asserted along with the final BRDY# for a cycle if a pipelined cycle is outstanding 
(Le., an ADS# 
was detected). 


3 
NA Disable (NAD). 1=Disable. 
O=Enable. When disabled, 
MTXC never asserts the NA# pin. When 
enabled, 
NA# assertion 
is dependent 
on the cache type and size selected 
(via SRAMT, 
SCS). Note 
that NAD must be set to 1 if the NA# pin of the MTXC is not connected 
to the processor. 
This bit 
should be set to 0 for normal operation 
in systems that connect NA# to the processor. 


2 
.' 
Reserved. 


1 
Secondary 
Cache Force Miss or Invalidate 
(SCFMI). 
When set to a 1, the L2 hit/miss detection 
is 
disabled, and all tag lookups result in a miss. If the L2 is enabled, then the cycle is processed 
as a 
miss (as described 
in Chapter 4.2). If the L2 is populated 
but disabled 
(FLCE=O), then when SCFMI 
is set to a 1, any CPU read cycle will invalidate 
the selected tag entry. When SCFMI is set to a 0, 


normal L2 cache hit/miss detection 
and cycle processing 
occurs. 


Software can flush the cache (cause all modified lines to be written back to DRAM) by setting SCFMI 
to a 1 with the L2 enabled (non-zero SCS, FLCE=1), and reading all L2 cache tag address locations. 
See FLCE bit description 
for FLCE/SCFMI 
interaction. 


o 
First Level Cache Enable (FLCE). 
1=Enable. O=Disable. When FLCE=1, the MTXC responds to 
CPU cycles with KEN# asserted for cacheable 
memory cycles. When FLCE=O, KEN# is always 
negated. This prevents new cache line fills to either the first level or second level cache. 


The FLCE/SCFMI 
interaction 
is summarized 
below. Note that "Normal L2 operation" 
is further 
dependent 
on the SCS field programming. 


SCFMI 


o 
1 
o 
1 


FLCE 


o 
o 
1 
1 


L2 Result 


L2 disabled 
L2 disabled, 
MTXC tag invalidate on reads 
Normal L2 operation 
(dependent 
on SCS) 
L2 enabled, MTXC miss forced on reads/writes 
(Note that writes to the cache 
are also forced as misses, making it possible to create incoherent 
DRAM/L2 
data.) 
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3.1.16. 
CEC---EXTENDED 
CACHE 
CONTROL 
REGISTER 


Address 
Offset: 
Default Value: 
Access: 


53h 
14h 
Read/Write, 
Read Only 


This 8-bit register defines the refresh rate (in HCLKs) for a DRAM CACHE L2 cache implementation, 
if enabled. 


Bit 
Description 


7:6 
Reserved 


5 
DRAM CACHE 
L2 Present 
(ML2}-RO. 
When ML2=1, an L2 DRAM CACHE is present. 


4:0 
DRAM Cache 
L2 Refresh 
Timer 
(MCRT}--RIW. 
These bits determine the time the MTXC remains 
idle during a DRAM cache refresh sequence. 
The smallest value for the MRCT must be 04h; 
otherwise, 
the MTXC will not function properly. The default value sets the timer refresh to 20 HCLKs. 


3.1.17. 
SDRAMC--SDRAM 
CONTROL 
REGISTER 


Address 
Offset: 
Default Value: 
Access: 


54-55h 


OOOOh 
Read/Write 


Bit 
Description 
,. 


15:9 
Reserved. 


8:6 
Special 
SDRAM 
Mode Select 
(SSMS). These bits select 1 of 4 special SDRAM modes for testing 
and initialization. 
Note that the NOP command 
must be programmed 
first before any other command 
can be issued. After the DRAM detection 
process has completed, 
bits[7:5] must remain at "000" 


during normal DRAM operation. 


Bits[8:6] 
Mode 


000 
Normal 
SDRAM 
mode 
(default). 


001 
NOP Command 
Enable 
(NOPCE). 
This mode forces all CPU cycles to DRAM to 
generate a SDRAM NOP command 
on the memory interface. 


010 
All Banks 
Precharge 
Command 
Enable 
(ABPCE). 
This setting enables a mode where 
all CPU cycles to DRAM are converted 
to an all banks precharge 
command 
on the 
memory interface. 
Used for BIOS Detection algorithm. 


011 
Mode Register 
Command 
Enable 
(MRCE). This setting enables a mode where all 
CPU cycles to DRAM are converted 
into MRS commands 
to the memory interface. The 
command 
is driven on the MA[11 :0] lines. MA[2:0] needs to be always driven to 010 for 
burst of 4 mode. MA3 needs to be always driven to 1 for interleave wrap type mode. 
MA4 needs to be driven to the value in the CAS# Latency bit. MA[6:5] needs to be 
always driven to 01. MA[11 :7] needs to be always driven to 00000 .• 


The BIOS will select an appropriate 
host address for each Row of memory such that the 
right commands 
are generated 
on the Memory Address MA[11 :0] lines. The BIOS 
needs to be cognizant 
of the mapping of the Host addresses 
to Memory addresses. 
e.g. 


A Host address of 1DOh will set up the Mode registers in Row 0 of SDRAM with Burst 
length of 4, Wrap type of interleaved, 
and CAS latency of 3. 


100 
CBR Cycle 
Enable 
(CB RC). This setting enables a mode where all CPU cycles to 
DRAM are converted 
to SDRAM CBR refresh cycles on the memory interface. 


101 
Reserved 


11X 
Reserved 
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Bit 
Description 


5 
RAS# to CASt 
Override 
(RCO). When set to 1, and the CL bit (CAS Latency) is 0 (CAS 
t.atencyea), 
then a RAS# to CAS# delay 0#12 HCLKs is provided for SDRAM. 
When set to 0, a RAS# 
to CAS# delay for SDRAM is determined 
by the CL bit. 


4 
CAS# Latency 
(CL). When set to 1, a CAS# latency of 2 is used for all SDRAM cycles. When reset 


to 0, CAS# latency of 3 is used for all SDRAM 
cycles. 


3 
RAS# Timing 
(RT). This bit controls 
RAS# precharge, 
RAS# active to precharge 
time and Refresh 
to RAS# active delay (in HCLKs): 


Bit3 
RAS# 
RAS# act. 
Refresh 
to 
Precharge 
to Precharge 
RAS# act. 


0 
3 
5 
8 


1 
3 
4 
7 


2 
Reserved. 


1 
64-Mbit 
Technology 
Enable 
(64MTEN). 
1=Enable. 
O=Disable. When set to 0, the MTXC does not 
support 64-Mbit SDRAM devices. 
In this mode, the MTXC supports 4-Mbit, 16-Mbit, and 64-Mbit 
technology 
for EDO/FPM 
systems 
and 4 Mbit and 16 Mbitfor 
SDRAM systems 
(Le., 64 Mbit not 
supported 
in SDRAM systems). 
When set to 1, the MTXC supports 4 Mbit, 16 Mbit, and 64 Mbit 
for both SDRAM and EDO/FPM 
devices. 
In this mode, the RAS#/CS5# 
signal becomes 
RAS#/CS5#/MA 
13, RAS4#/CS4# 
becomes 
RAS4#/CS4#/BA 
1, and KRQAKlCS4_64# 
becomes 
CS4_64#. 
CS4_64# 
(fifth row) function 
is provided 
if this signal is set to 1 and DRAM Cache is not 
present in the system (indicated 
by a 0 in bit 5, register 53h). 


0 
Reserved. 


Table 4 lists the CAS# 
Latency, 
RAS# to CAS#, 
RAS# Precharge, 
RAS# Active 
to Precharge 
and Refresh 
to 
FlAS# active programmable 
timings. 


Operating 
CAS Latency 
RAS#to 
RAS# 
RAS# active 
Refresh 
to 
Register 
54h 
Frequency 
(CL) 
CAS# (Trcd) 
Precharge 
to Precharge 
RAS# (Trc) 
Bits[5:3] 
(Trp) 
(Tras) 


60/66 MHz 
3 HCLKs 
3 HCLKs 
3 HCLKs 
5 HCLKs 
8 HCLKs 
000 


60/66 MHz 
3 HCLKs 
2 HCLKs 
3 HCLKs 
5 HCLKs 
8 HCLKs 
100 


60/66 MHz 
2 HCLKs 
2 HCLKs 
3 HCLKs 
4 HCLKs 
7 HCLKs 
011 


Table 4. Programming 
Timings 
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3.1.18. 
DRAMEC--ORAM 
EXTENDED 
CONTROL 
REGISTER 


Address 
Offset: 


Default Value: 
Access: 


56h 
52h 
Read/Write 


This a-bit register contains additional 
controls for main memory 
DRAM operating 
modes and features. 


Bit 
" 


Description 
,:;- 
" 
r 


7 
Reserved. 


6 
Refresh 
RAS# Assertion(RRA). 
1=5 clocks (RAS# asserted 
for Refresh cycles). 0=4 clocks. 


5 
Fast EDO Lead Off (FELO). 
1=Enables 
fast timing EDO read cycles. O=Disable. This is valid for 
EDO DRAMs only (in both a synchronous 
cache and a Cacheless 
system). 
This result is a 1 HCLK 
pull-in for all read leadoff latencies for EDO DRAMs. (i.e., Page hits, Page misses, and Row Misses). 
This bit must be 0 if any of the DRAM rows is populated 
with FPM DRAMs. 


4 
Speculative 
Lead Off (SLD). 
If set to 0, the DRAM Controller 
read request is presented 
before the 
final memory target (Cache/DRAM/PC 
I) has been decoded 
by the MTXC. This results in a 1 HCLK 
pull-in for all read leadoff latencies. 
Note that if the cycle does not actually target DRAM, the DRAM 
cycle is later terminated. 
The SLD bit applies to EDO/FPM 
and SDRAM. This bit should be set to 1 in 
systems with a L2 cache and to 0 for systems without a L2 cache 


3 
Reserved. 


2:1 
Memory 
Address 
Drive Strength 
(MAD). This field controls the strength of the output buffers 
driving the MA, SRASx#, 
SCASx#, 
MWEx# and CKEx pins. It is recommended 
that series 
termination 
or undershoot 
and overshoot 
diodes be used on these lines. 


Blt[2:1] 
MA[13, 11 :0], BA 1 
SRAS[A,B],SCAS[A,B], 


t 
MWEx#,CKEx 
~ 
, 


00 
10 mA 
10mA 
- 


01 
10mA 
16 mA 
10 
16 mA 
10mA 


l."'- 
-. 
. 


11 
16 mA 
16 mA 
I 
le 
.:.. 
'F· 
L. 


I 


L 
. 
\ 
- 
" 


J 
I 
- 
'r 


Setting Memory Address 
Drive Strength: 


J 
- 
I 


1 Row 
2 Row 
3 Row 
4 Row 
5 Row 
6 Row 


00 
00 
11 
11 
11 
01" 
. 


" Assuming 
All Rows are buffered 


, 


0 
Reserved. 
. 
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3.1.19. 
DRAMC-ORAM 
CONTROL 
REGISTER 


Address 
Offset: 
Default Value: 
Access: 


57h 
01h 
Read/Write 


This s-ett register controls main memory 
DRAM operating 
modes and features. 


Bit 
Description 


7:6 
Hole Enable 
(HEN). This field enables a memory hole in DRAM space, CPU cycles matching 
an 
enabled hole are passed on to PC!. PCI cycles matching an enabled hole will be ignored by the 
MTXC (no DEVSEL#). 
Note that a selected 
hole is not remapped. 


Bits[7:6] 
Hole Enabled 
. 


00 
None 


. 
01 
512 KB-640 
KB (128 Kbytes) 


10 
15 MB-16MB 
(1 Mbyte) 
11 
14 MB-16 
MB(2 
Mbytes) 


5 
Reserved. 


, 


4 
Enhanced 
Paging 
Disable 
(EPD). 1=MTXC keeps page open until a page/row 
miss. When 


, 
EPD=O, the MTXC uses addltlonat 
information 
to keep the DRAM page open when the host may be 
"right back". See DRAM section for additional 
information. 
This bit should be set to 0 for normal 
operation. 


3 
EDO Detect 
Mode Enable 
(EDME). 
1=Enables 
a special timing mode for BIOS to detect EDO 
DRAM type on a bank-by-bank 
basis. Once all DRAM row banks have been tested for EDO, the 
EDME bit should be set to O. Otherwise, 
performance 
will be seriously 
impacted. 


2:0 
DRAM Refresh 
Rate (DRR). The DRAM refresh rate for "FPM/EDO 
only" DRAM subsystem 
is 
adjusted according 
to the value selected 
by this field. DRAM refresh is implemented 
using SUSCLK. 


Bits[2:0] 
DRAM Refresh 
Rate 
000 
Refresh Disabled 
(results in the eventual 
loss of DRAM data) 
001 
15.6 J.ls ' 


010 
31.2 us (for EDO/FPM 
only memory subsystem) 
011 
64.4 J.lS(for EDO/FPM 
only memory subsystem) 
100 
125 J.ls(for EDO/FPM 
only memory subsystem) 
101 
256 ps (for EDO/FPM 
only memory subsystem) 
110 
Reserved 
" 


111 
Reserved 


NOTES 


1. 
If any of the row is populated 
with SDRAMs, 
this field must be set to 15.6 ps refresh rate. 


2. 
Selecting 
refresh rate of 125 ps or 256 ps may violate the max RAS# active time DRAM 
specification. 
It is UP to the svstem desianer to make sure this does not haooen. 
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3.1.20. 
DRAMT-ORAM 
TIMING 
REGISTER 


Address 
Offset: 
Default Value: 
Access: 


58h 
OOh 
ReadlWrite 


This 8-bit register controls 
main memory 
DRAM timings. 
For SDRAM 
specific timing control, 
see the SDRAMC 
timing register definition. 


Bit 
Description 
r 
, 


7 
Reserved. 


6:5 
DRAM Read Burst Timing (DRBT). 
The DRAM read burst timings are controlled 
by the DRBT field. 


Slower rates may be required in certain system designs to support loose layouts or slower 
memories. 
Most system designs will be able to use one of the faster burst mode timings. The timing 
. 


used depends on the type of DRAM on a per-bank 
basis, as indicated by the DRT register. 


, 
The x322 timings for EDO Burst rate should be used only when the Fast EDO Path Select (FE PS) 
bit is set to 1 and the timings for the EDO Burst rate for X222 have a negative 
margin. This forces 


, 
the MXS to be negated after the leadoff; thus, selecting ~e fast path for the leadoff and the slow path 
for the burst cycles. 


When FEPS=1 and the EDO Burst rate is set to x222, the EDO read cycle is selected through the 
fast path for both leadoff and the burst cycles. 


When FEPS=O and the EDO Burst rate is set to x222, the EDO read cycle is selected through the 
slow path for both leadoff and the burst cycles. 


DRBT 
EDO Burst Rate 
FPM Burst Rate 


I 
00 
x444 
x444 


, 


01 
x333 
x444 
10 
x222 
x333 
11 
Reserved 
Reserved 


4:3 
DRAM Write Burst Timing 
(DWBT). 
The DRAM write burst timings are controlled 
by the DWBT 


field~ Slower rates may be required in certain system designs to support loose layouts or slower 
memories. 
Most system designs will be able to use one of the faster burst mode timings. 


I 
DWBT 
EDOIFPM 
Burst Rate 
DWBT 
EDOIFPM 
Burst Rate 
00 
x444 
10 
x222 
01 
x333 
v. 
.t.; 
11 
Reserved 


2 
Reserved. 
~ 
I 
.' 
,- 
, 
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Bit 
Description 


1:0 
DRAM Leadoff 
Timing 
(DL T). The DRAM leadoff timings are controlled 
by the DLT bits. Slower 


leadoffs may be required in certain system designs to support loose layouts or slower memories. 


I 
The Row Miss leadoff timings are summarized 
below for EDO/FPM 
reads and writes. 


Changing 
DLT affects the Row Miss and Page Miss timings only (e.g., DLT=01 is one clock faster 
than DLT=00 on Row Miss and Page Miss timings). These bit control MA setup to CAS# assertion. 


DLT does not affect page hit timings. Thus, DLT=00 or DLT=01 has same page hit timings for reads 


I 
and writes (e.g., for reads, it would be 10-3=7 clocks for DLT =00 or DLT=01) 


DLT 
Read Leadoff 
Write 
Leadoff 
RAS# Precharge 
RAS-to-CAS 
Delay 


00 
11 
7 
3 
4 
. 


01 
10 
6 
3 
3 
10 
11 
7 
4 
4 
11 
10 
6 
4 
3 


SLD and FELO bits have cumulative 
effect on the leadoff timings. The above leadoff represent 
timings with SLD=1 and FELO=O. 


3.1.21. 
PAM-PROGRAMMABLE 
ATTRIBUTE 
MAP REGISTERS 
(PAM[6:0]) 


Address Offset: 
Default Value: 
Attribute: 
Size: 


59h (PAMO) (5Fh (PAM6) 
OOh 
ReadlWrite 
8 bits (each register) 


The MTXC allows programmable 
memory 
and cacheability 
attributes 
on 14 memory 
segments 
of various 
sizes 


in the 640-Kbytes 
to 1-Mbyte address 
range. Seven Programmable 
Attribute 
Map (PAM) Registers 
are used to 
support these features. 
Three bits are used to specify 
L1 cacheability 
and memory 
attributes 
for each memory 
segment. These attributes 
are: 


F4E 
Read 
Enable. 
When 
RE=1, 
the 
CPU 
read 
accesses 
to the 
corresponding 
memory 
segment 
are 
directed to main memory. 
Conversely, 
when RE=O, the CPU read accesses 
are directed to PC!. 


WE 
Write 
Enable. 
When 
WE=1, 
the 
CPU 
write 
accesses 
to the corresponding 
memory 
segment 
are 
directed to main memory. 
Conversely, 
when WE=O, the CPU write accesses 
are directed to PC!. 


I:::E 
Cache 
Enable. 
When CE=1, the corresponding 
memory segment 
is L1 cacheable. 
CE must not be set 


to 
1 when 
RE 
is reset 
to 
0 for 
any 
particular 
memory 
segment. 
When 
CE=1 
and 
WE=O, 
the 
corresponding 
memory segment is cached in the first level cache only on CPU code read cycles. 


The RE and WE attributes 
permit a memory segment to be Read Only, Write Only, ReadlWrite, 
or disabled. 
For 


example, 
if a memory segment 
has RE=1 and WE=O, the segment 
is Read Only. The characteristics 
for memory 


ilegments 
with these read/write attributes 
are described 
in Table 5. 
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Table 5. Attribute 
Definition 


ReadIWrite 
Definition 
Attribute 


Read Only 
Read cycles: CPU cycles are serviced 
by the DRAM in a normal manner. 


Write cycles: CPU initiated write cycles are ignored by the DRAM interface as well as the 
cache. Instead, the cycles are passed to PCI for termination. 


Areas marked as Read Only are L 1 cacheable 
for Code accesses 
only. These regions are 
not cached in the second level cache. 


Write Only 
. 
Read cycles: All read cycles are ignored by the DRAM interface 
as well as the second 
level cache. CPU-initiated 
read cycles are passed onto PCI for termination. 
The write only 
state can be used while copying the contents of a ROM, accessible 
on PCI, to main 
memory for shadowing, 
as in the case of BIOS shadowing. 


Write cycles: CPU write cycles are serviced 
by the DRAM and L2 cache in a normal 
manner. 


Read/Write 
This is the normal operating 
mode of main memory. 
Both read and write cycles from the 
CPU and PCI are serviced 
by the DRAM and L2 cache interface. 


Disabled 
All read and write cycles to this area are ignored by the DRAM and cache interface. 
These 
cycles are forwarded 
to PCI for termination. 


Each PAM Register controls two regions, typically 
16 Kbytes in size. Each of these regions has a 4-bit field. The 


four bits that control each region have the same encoding 
and are defined in Table 6. 


PCI master access to DRAM space is also controlled 
by the PAM Registers. 
If the PAM programming 
indicates 


a region is writeable, 
then PCI master writes will be accepted 
(DEVSEL# 
generated). 
If the PAM programming 


indicates a region is readable, 
PCI master reads will be accepted. 
If a PCI write to a non-writeable 
DRAM region, 
or a PCI read to a non-readable 
DRAM region is seen, the MTXC will not accept the cycle (DEVSEL# 
will not be 


asserted). 
PCI master accesses 
to enable memory 
hole regions will not be accepted. 


Table 6. Attribute 
Bit Assignment 


Bits [7, 3] 
Bits [6, 2] 
Bits 
[5, 1] 
Bits [4, 0] 
Description 
Reserved 
Cache 
Enable 
Write 
Enable 
Read Enable 


x 
x 
0 
0 
DRAM disabled, 
accesses 
directed 
to PCI 


x 
0 
0 
1 
read only, DRAM write protected, 
non-cacheable 


x 
1 
0 
1 
read only, DRAM write protected, 
L1 
cacheable 
for code accesses 
only 


x 
0 
1 
0 
write only 


x 
0 
1 
1 
read/write, 
non-cacheable 


x 
1 
1 
1 
readlwrite, 
cacheable 


As an example, 
consider 
a BIOS that is implemented 
on the expansion 
bus. During the initialization 
process the 


BIOS can be shadowed 
in main memory 
to increase 
the system 
performance. 
When 
a BIOS is shadowed 
in 


main memory, 
it should 
be copied to the same address 
location. 
To shadow 
the BIOS, the attributes 
for that 


address 
range should be set to write only. The BIOS is shadowed 
by first doing a read of that address. This read 


is forwarded 
to the expansion 
bus. The CPU then does a write of the same address, 
which is directed 
to main 
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memory. 
After the BIOS is shadowed. 
the attributes 
for that memory 
area are set to read only so that all writes 


are forwarded 
to the expansion 
bus . 


. Table 7. PAM Register and Associated 
Memory Segments 


PAM Reg. 
Attribute 
Bits 
Memory Segment 
Comments 
Offset 


PAMO[3:O] 
Reserved 
59h 


PAMO[7:4] 
R 
CE 
WE 
RE 
OFOOOOh- OFFFFFh 
BIOS Area 
59h 
. 


PAM1[3:O] 
R 
CE 
WE 
RE 
OCOOOOh- OC3FFFh 
ISA Add-on 
BIOS 
5Ah 


PAM1[7:4] 
R 
CE 
WE 
RE 
OC4000h - OC7FFFh 
ISA Add-on 
BIOS 
5Ah 


PAM2[3:O] 
R 
CE 
WE 
RE 
OC8000h - OCBFFFh 
ISA Add-on 
BIOS 
5Bh 


PAM2[7:4] 
R 
CE 
WE 
RE 
OCCOOOh- OCFFFFh 
ISA Add-on 
BIOS 
5Bh 


PAM3[3:O] 
R 
CE 
WE 
RE 
ODOOOOh- OD3FFFh 
ISA Add-on 
BIOS 
5Ch 


PAM3[7:4] 
R 
CE 
WE 
RE 
OD4000h - OD7FFFh 
ISA Add-on 
BIOS 
5Ch 


PAM4[3:O] 
R 
CE 
WE 
RE 
OD8000h - ODBFFFh 
ISA Add-on 
BIOS 
5Dh 


PAM4[7:4] 
R 
CE 
WE 
RE 
ODCOOOh- ODFFFFh 
ISA Add-on 
BIOS 
5Dh 
1< 


PAM5[3:O] 
R 
CE 
WE 
RE 
OEOOOOh- OE3FFFh 
BIOS Extension 
5Eh 


PAM5[7:4] 
R 
CE 
WE 
RE 
OE4000h - OE7FFFh 
BIOS Extension 
5Eh 


, 


PAM6[3:O] 
R 
CE 
WE 
RE 
OE8000h - OEBFFFh 
BIOS Extension 
5Fh 
. 


PAM6[7:4] 
R 
CE 
WE 
RE 
OECOOOh- OEFFFFh 
BIOS Extension 
5Fh 
1t 


~IOTES: 


The CE bit should not be changed while the L2 cache is enabled. 
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DOS Application 
Area (OOOOOh-9FFFh) 


Read, write, 
and cacheability 
attributes 
are always 
enabled 
and are not programmable 
for the 04540-Kbytes 


DOS application 
region. 


Video Buffer Area (AOOOOh-BFFFFh) 


This 128-Kbytes 
area is not controlled 
by attribute 
bits. CPU-initiated 
cycles in this region are always forwarded 
to PCI for termination. 
This area is not cacheable. 


Expansion 
Area (COOOOh-DFFFFh) 


This 
128-Kbytes 
area is divided 
into eight 
16-Kbytes 
segments. 
Each segment 
can be assigned 
one of four 
ReadlWrite 
states: 
read-only, 
write-only, 
read/write, 
or disabled 
Memory 
that 
is disabled 
is not 
remapped. 
Cacheability 
status can also be specified for each segment. 


Extended 
System 
BIOS Area (EOOOOh-EFFFFh) 


This 
64-Kbytes 
area 
is divided 
into four 
16-Kbytes 
segments. 
Each segment 
can be assigned 
independent 


cacheability, 
read, and write attributes. 
Memory segments 
that are disabled 
are not remapped 
elsewhere. 


System 
BIOS Area (FOOOOh-FFFFFh) 


This area is a single 64-Kbytes 
segment. 
This segment can be assigned 
cacheability, 
read, and write attributes. 
When disabled, this segment 
is not remapped. 


Extended 
Memory Area (100000h-FFFFFFFFh) 


The extended 
memory area can be split into several parts: 


• 
Flash BIOS area from 4 Gbytes to 4 Gbytes-512 
Kbytes (aliased on ISA at 16 Mbytes-15.5 
Mbytes) 


• 
DRAM Memory from 1 Mbytes to a maximum 
of 512 Mbytes 


• 
PCI Memory space from the top of DRAM to 4 Gbytes-512 
Kbytes 


On power-up 
or reset the CPU vectors 
to the Flash BIOS area, mapped 
in the range of 4 Gbytes to 4 Gbytes- 


512 Kbytes. 
This area is physically 
mapped 
on the expansion 
bus. Since these addresses 
are in the upper 4- 


Gbytes range, the request is directed to PCI. 


The DRAM memory 
space can occupy 
extended 
memory from a minimum 
of 1 Mbytes up to 256 Mbytes. This 
memory 
is cacheable. 


PCI memory space from the top of main memory to 4 Gbytes is always non-cacheable. 
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3.1.22. 
DRB-DRAM 
ROW BOUNDARY 
REGISTERS 


Address Offset: 
Default Value: 
Access: 


60-6Sh 


02h 
Read/Write 


The MTXC supports 
6 rows of DRAM. 
Each row is 64-bits 
wide. The DRAM 
Row Boundary 
Registers 
define 
upper 
and 
lower 
addresses 
for each 
DRAM 
row. Contents 
of these 
8-bit 
registers 
represent 
the 
boundary 
addresses 
in 4-Mbytes 
granularity. 
. 


DR~O=Total amount of memory in row 0 (in 4 Mbytes) 
DRB1= Total amount of memory in row 0 + row 1 (in 4 Mbytes) 
DRB2= Total amount of memory in row 0 + row 1 + row 2 (in 4 Mbytes) 
DRB3= Total amount of memory in row 0 + row 1 + row 2 + row 3 (in 4 Mbytes) 
DRB4= Total amount of memory in row 0 + row 1 + row 2 + row 3 + row 4 (in 4 Mbytes) 
DRBS=Total 
amount of memory in row 0 + row 1 + row 2 + row 3 + row 4 + row 5 (in 4 Mbytes) 


The DRAM array can be configured 
with S12-KB, 
l-MB, 
4-MB, or 16-MB deep by 32- or 36-bit wide SIMMs. 
Each register 
defines 
an address 
range that will ca,use a particular 
RAS# line to be asserted 
(e.g., if the first 
DRAM row is 8 Mbytes, accesses 
within the 0 to 8-Mbytes 
range will cause RASO# to be asserted). 


NOTE 


When programming 
the DRB registers, 
the following 
programming 
consideration 
must be followed: 
When 
DRB3 is written, 
DRB4 and DRBS are also modified 
with the value written 
into DRB3. When 
DRB4 is 
written, DRBS is also modified with the value written into DRB4. To avoid data corruption 
in the DRB4 and 
DRBS registers, 
program 
DRB3 first, followed 
by DRB4 and then DRBS. If either 
DRB3 or DRB4 are 
written, this sequence 
should be followed. 


,', 


Bit 
Description 


7 
Reserved. 


6:0 
Row Boundary 
Address. 
This 7-bit value is compared 
against the address lines A[28:22] 
to 
determine 
the upper address limit of a particular 
row (Le., DRB minus previous 
DRB=row 
size). 


Row Boundary 
Address 


These 8 bit values 
represent 
the upper address 
limits of the 6 rows (Le., this row minus previous 
row=row 
size). 


Unpopulated 
rows have a value equal to the previous 
row (row slzeeo). 
DRBS reflects the maximum 
amount of 
DRAM in the system. 
The top of memory 
is determined 
by the value written into DRBS. If DRBS is greater than 
256 Mbytes, 
then 256 Mbytes 
of DRAM are available. 
BIOS must make sure that the DRB registers 
do not 
reflect more than 2S6M of Main memory. 


As an example 
of a general purpose configuration 
where 3 physical rows are configured 
for either single-sided 
or 


double-sided 
SIMMs, the memory array would be configured 
like the one shown in Figure 3. In this configuration, 


the MTXC drives two RAS# signals 
directly to the SIMM rows. If single-sided 
SIMMs 
are populated, 
the even 
RAS# signal is used and the odd RAS# is not connected. 
If double-sided 
SIMMs are used, both RAS# signals 
are used. 
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RAS5# -+ 
SIMM-5 Back 
SIMM-4 Back 
.... - DRB5 
_._- -- - -- - -- --- 
-------------- 
..... 
DRB4 
RAS4# -+ 
SIMM-5 Front 
SIMM-4 Front 


.... - DRB3 
RAS3# -+ 
SIMM-3 Back I 
SIMM-2 Back 
-------------- 
-------------- 
..... 
DRB2 
RAS2# -+ 
SIMM-3 Front 
SIMM-2 Front 


DRB1 
RAS1# -+ 
SIMM-1 Back 
SIMM-O Back 
-------------- 
-------------- 
DRBO 
- 
RASO# -+ 
SIMM-1 Front 
SIMM-O Front 
i cls1# i 
CAS2# 
CASO# 


Figure 3. SIMMs and Corresponding 
ORB Registers 


The following 
2 examples 
describe 
how the DRB 
Registers 
are programmed 
for cases 
of single-sided 
and 
double-sided 
SIMMs on a motherboard 
having a total of four 8-byte or eight 4-byte SIMM sockets. 


Example #1 


The memory 
array is populated 
with four single-sided 
1 MB x 32 SIMMs, 
a total of 16 MBytes 
of DRAM. Two 
SIMMs are required for each populated 
row making each populated 
row 8 Mbytes in size. 


DRBO=02h 
DRB1=04h 
DRB2=04h 
DRB3=04h 
DRB4=04h 
DRB5=04h 


populated 
(2 SIMMs, 8 Mbytes this row) 
populated 
(2 SIMMs, 8 Mbytes this row) 
empty row 
empty row 
empty row 
empty row 


Example 
#2 


As an another example, 
the memory 
array is populated 
with two 2 Mbytes x 32 double-sided 
SIMMs (one row), 


and four 4 Mbytes 
x 32 single-sided 
SIMMs 
(two rows), 
yielding 
a total of 96 Mbytes 
of DRAM. 
The 
DRB 
Registers 
are programmed 
as follows: 


6-36 


DRBO=04h 
DRB1=08h 
DRB2=10h 
DRB3=18h 
DRB4=18h 
DRB5=18h 


populated 
with 16 Mbytes, 1/2 of double-sided 
SIMMs 
the other 16 tvtbytes of the double-sided 
SIMMs 
populated 
with 32 Mbytes, one of the sided SIMMs 
the other 32 Mbytes of single-sided 
SIMMs 
. 


empty row 
empty row 
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3.1.23. 
DRTH----DRAM 
ROW TYPE REGISTER 
HIGH 


Address 
Offset: 
Default Value: 
Access: 


67h 
SOOOOOOO 
Read/Write 


This a-bit register 
identifies 
the type of DRAM 
(EDO, SPM (standard 
page mode)), 
or SDRAM 
(synchronous 
DRAM) used in rows 4 and 5 and should be programmed 
by BIOS for optimum 
performance 
if EDO DRAMs or 


SDRAMs 
are used. The MTXC uses these bits to determine 
the correct cycle timing to use before a DRAM cycle 
is run. Bit 7 of this register is used for Host Frequency Detection (HFD). Bit 2 of this register is used to determine 
the muxing 
results of CKElMAAO 
and CKEB/MAA 1. 


NOTE 


This register should not be written while DRAM refresh is enabled. 


Bit 
Description 


7 
Host Frequency 
Detection 
(HFD). 
1=66 MHz. 0=60 MHz. This bit is initialized to the inverted level 
on the A27 signal at the rising edge of the RST#. Since A27 pin contains an intemal weak pulldown, 
unless an extemal 
resistor exits, the field is initialized to 1, indicating 
66 MHz. Subsequent 
writes to 
this field will override the reset strap value. BIOS can use the value to determine 
if the system is 
60 MHz (external pull-up) or 66 MHz (no strapping). 


5:4, 
DRAM Row Type (DRT). The DRT bits select the DRAM type installed in each physical 
DRAM 
1:0 
Row. Each one-of-four 
bit pairs in this register corresponds 
to the DRAM row identified 
by the 
corresponding 
DRB register. 


DRT Bits 
DRAM Row 


5,1 
5 
4,0 
4 


ORT 
DRAM Type value definitions 


0,0 
SPM DRAM 
0,1 
EDODRAM 
1,0 
SDRAM 
1,1 
Reserved 


6,3 
Reserved. 


2 
Memory 
Address 
Select 
Enable 
(MASELEN). 
When this bit is set to 1, CKE and CKEB are used to 
propagate 
the second copy of the MAO and MA 1 lines. CKE is muxed with MAAO and CKEB is 
muxed with MAA 1. When this bit is set to 0, the CKE and CKEB functionality 
is propagated 
across 
these lines. This bit defaults to 0 and BIOS must set it.to 1 to take advantage 
of the second copy of 
the MAO and MA 1 lines. 
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3.1.24. 
DRTL-DRAM 
ROW TYPE REGISTER 
LOW 


Address 
Offset: 


Default Value: 
Access: 


68h 
OOh 
Read/Write 


This 8-bit register 
identifies 
the type of DRAM 
(EDO, SPM (standard 
page mode», 
or SDRAM 
(synchronous 
DRAM) 
used in rows 0 to 3 and should 
be programmed 
by BIOS for optimum 
performance 
if EDO DRAM's 
or 


SDRAMs 
are used. The hardware 
uses these bits to determine 
the correct cycle timing to use before a DRAM 
cycle is run. 


Bit 
Description 


7:0 
DRAM Row Type (DRT). The DRT bits select the DRAM type installed in each physical 
DRAM 
Row. Each one-of-four 
bit pairs in this register corresponds 
to the DRAM row identified by the 
corresponding 
DRB register. 


DRT Bits 
DRAM Row 
7,3 
3 
6,2 
2 
5,1 
1 
4,0 
0 


DRT 
DRAM Type value 
definitions 
0,0 
SPM DRAM 


../ 


0,1 
EDODRAM 
1,0 
SDRAM 
1,1 
reserved 


3.1.25. 
MTT-MULTI-TRANSACTION 
TIMER REGISTER 
(RESERVED 
TEST MODE REGISTER) 


Address 
Offset: 


Default Value: 
Access: 


70h 
20h 
Read/Write 


MTT is an 8-bit register that controls the amount 
of time that the MTXC's arbiter allows a PCI initiator to perform 


multiple transactions 
on the PCI bus. The MTT guarantees 
the minimum 
time, measured 
in PCLKs, that the PCI 


agent retains the ownership 
of the PCI bus from the initial assertion of grant. 


Bit 
Description 


7:2 
MTT Count 
value. 
The number of clocks programmed 
in the MTT represents 
the guaranteed 
time 
slice (in PCLKs) allotted to the current agent, after which the MTXC will grant the bus as soon as 
another PCI agent requests the bus. The value of OOhdisables this function. The count value should 
be set to multiples of 4 (i.e., 2 Isbs are ignored). 


1:0 
Reserved. 
Hardwired 
to O. (i.e., counter has a resolution of 4 PCLKs) 
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3.1.26. 
ESMRAMC---EXTENDED 
SYSTEM 
MANAGEMENT 
RAM CONTROL 
REGISTER 


Address 
Offset: 
Default Value: 
Access: 


71h 
OOh 
Read/Write 


The 
Extended 
SMRAM 
register 
controls 
the configuration 
of Extended 
SMRAM 
space. 
MTXC 
supports 
two 
types of SMRAM 
memory: 
Compatible 
and Extended. 
The Compatible 
SMRAM 
(C_SMRAM) 
memory 
provides 


an uncacheable 
SMRAM 
memory 
space 
below 
1 Mbytes 
in the A and B segments. 
The 
Extended 
SMRAM 
(E_SMRAM) 
memory 
provides 
a writeback 
cacheable 
SMRAM 
memory 
space 
that is above 
1 Mbytes. 
This 
register provides the following 
types of control over SMRAM space: 


• 
Where the memory space is located (above 1 Mbytes, below 1 Mbytes) 


• 
Enabling 
of SMRAM 
memory 
(TSEG, 
128 
Kbytes, 
256 
Kbytes, 
512 
Kbytes 
or 1 Mbytes 
of additional 
SMRAM 
memory) for Extended 
SMRAM 
space only. 


• 
Cacheability 
control (for the Extended 
SMRAM space only) 


• 
Protection 
of SMRAM space for non-SMM 
accesses 


Bit 
Description 


7 
High SMRAM 
Enable 
(H_SMRAME). 
1=Enable. O=Disable. This bit enables the high SMRAM 
memory space to appear.in 
the appropriate 
physical address locations 
between 
100AOOOOhand 
100FOOOOh. 


6 
Extended 
SMRAM 
Error 
(E_SMERR). 
This bit is set when CPU accesses 
the defined memory 
ranges in Extended 
SMRAM 
(High Memory and T-segment) 
while not in SMM space and with the 
D-OPEN bit=O. It is software's 
responsibility 
to clear this bit. The software 
must write a 1 to this bit 


to clear it. 


5 
SMRAM 
Cache 
Strategy 
(SM_CACHE). 
Hardwired to O.This bit determines 
how Extended 
SMRAM space is cached (writethru 
or writeback). 
Since the MTXC supports 
only writeback 
for 
extended 
SMRAM 
space, this bit is hardwired 
to O. 


4 
SMRAM_L 1_EN (SM_L 1). This bit should be set to 1 if Extended 
SMRAM 
is being used and the 
system wishes to L1 writeback 
cache this memory space. Default value for this bit is O. 


3 
SMRAM_L2_EN 
(SM_L2). 
This bit should be set to 1 if Extended 
SMRAM 
is being used, and there 
is less than 32 Mbytes of DRAM in the system. Setting of this bit when SM_L 1 bit=1 allows the 
Extended 
SMRAM to be writeback 
cached in the L2. Default value for this bit is O. 


2:1 
TSEG_SZ[1-Q] 
(T_SZ). Selects the size of the TSEG memory block, if enabled. This memory is 
taken from the top of DRAM space, which is no longer claimed by the memory controller 
(all 
accesses 
to this space are sent to the PCI bus if TSEG_EN 
is set). This memory appears 
at the 
physical memory space of 256 Mbytes plus the top of memory (TOM) minus the size of TSEG. This 
field decodes as follows: 


Bits[1,O] 
Description 


00 
(TOM-128 
KB) to TOM 
01 
(TOM-256 
KB) to TOM 
10 
(TOM-512 
KB) to TOM 
11 
(TOM-1 MB) to TOM 


0 
TSEG_EN 
(T_EN). When G_SMRAME=1 
and T_EN=1, the TSEG is enabled to appear in the 
appropriate 
physical address space. 
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3.1.27. 
SMRAMC-SYSTEM 
MANAGEMENT 
RAM CONTROL 
REGISTER 


Address 
Offset: 
Default Value: 
Access: 


72h 
02h 
ReadlWrite 


The SMRAMC 
register controls 
how accesses 
to Compatible 
and Extended 
SMRAM 
spaces are treated. MTXC 
supports 
two types of SMRAM 
memory: 
Compatible 
and Extended. 
The Open, 
Close, 
and Lock bits function 
only when G_SMRAME 
bit is set to a 1. Also, the OPEN bit be reset before the LOCK bit is set. 


Bit 
Description 


7 
Reserved. 


, 


6 
SMM Space 
Open (D_OPEN). 
When D_OPEN=1and 
D_LCK=O, the SMM space DRAM is made 
visible even when SMIACT# 
is negated. This is intended to help BIOS initialize SMM space. 


Software should ensure that D_OPEN=1 
is mutually exclusive with D_CLS=1. 
When D_LCK is set 
to a 1, D_OPEN 
is reset to 0 and becomes 
read only. 


5 
SMM Space Closed 
(D_CLS). 
When D_CLS=1, 
SMM space DRAM is not accessible 
to data 
references, 
even if SMIACT# 
is asserted. 
Code references 
may still access SMM space DRAM. 


This will allow SMM software to reference 
"through" SMM space to update the display, even when 


SMM space is mapped over the VGA range. Software should ensure that D_OPEN=1 
is mutually 
exclusive 
with D_CLS=1. 


4 
SMM Space 
Locked 
(D_LCK). 
When D_LCK is set to 1, D_OPEN 
is reset to 0 and both D_LCK 
and D_OPEN become read only. D_LCK can be set to 1 via a normal configuration 
space write but 
can only be cleared by a power-on 
reset. The combination 
of D_LCK and D_OPEN 
provide 
convenience 
with security. The BIOS can use the D_OPEN function to initialize SMM space and 
then use D_LCK to "lock down" SMM space in the future so that no application 
software 
(or BIOS 
itself) can violate the integrity of SMM space, even if the program has knowledg~ 
of the D_OPEN 
function. 


3 
Global 
SMRAM 
Enable 
(G_SMRAME). 
If set to a 1, then Compatible 
SMRAM functions 
is enabled, 


providing 
128 KB of DRAM accessible 
at the AOOOOhaddress while in SMM (ADS# with SMIACT#). 


To enable Extended SMRAM function this bit has be set to 1. Refer to the section on SMM for more 
details. 


2:0 
Compatible 
SMM Space 
Base Segment 
(C_BASE_SEG). 
This field programs 
the location of SMM 
space. SMM DRAM is not remapped. 
It is simply "made visible" if the conditions 
are right to access 
SMM space; otherwise, 
the access is forwarded 
to PCI. C_BASE_SEG=010 
selects the SMM space 
as AOOOo-BFFFFh. 
All other values are reserved. 
PCI initiators are not allowed to access to SMM 
space. These bits are hardwired 
to 010. 
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Table 8 summarizes 
the operation 
of SMRAM space cycles targeting 
the SMI space addresses. 


Table 8. SMRAM Space Cycles 


G 
0 
0 
O_ 
S 
H 
T 
Code Fetch 
OataAccess 
S- r 
C- 
o 
M 
S- 
S 
M 
C 
L 
P 
I 
M 
E 
R 
K 
S 
E 
A 
R 
G 
A 
, 
N 
C 
A 
E- 
M 
T# 
M 
N 
E 
E 


0 
x 
x 
x 
x 
x 
x 
A-4PCI 
S-4PCI 
T-4PCI 
A-4PCI 
S-4PCI 
T-4PCI 


1 
0 
0 
0 
0 
0 
0 
A-4DRAM 
S-4PCI 
T-4PCI 
A-4DRAM 
S-4PCI 
T-4PCI 


1 
0 
0 
0 
0 
0 
1 
A-4DRAM 
S-4PCI 
T-4DRAM 
A-4DRAM 
S-4PCI 
T-4DRAM 


1 
0 
0 
0 
0 
1 
0 
A-4PCI 
S-4DRAM 
T-4PCI 
A-4PCI 
S-4DRAM 
T-4PCI 


1 
0 
0 
0 
0 
1 
1 
A-4PCI 
S-4DRAM 
T-4DRAM 
A-4PCI 
S-4DRAM 
T-4DRAM 


1 
0 
x 
0 
1 
x 
x 
A-4PCI 
S-4PCI 
T-4PCI 
A-4PCI 
S-4PCI 
T-4PCI 


1 
0 
0 
1 
x 
0 
0 
A-4DRAM 
S-4PCI 
T-4PCI 
A-4DRAM 
S-4PCI 
T-4PCI 


1 
0 
0 
1 
x 
0 
1 
A-4DRAM 
S-4PCI 
T-4DRAM 
A-4DRAM 
S-4PCI 
T-4DRAM 


1 
0 
0 
1 
x 
1 
0 
A-4PCI 
S-4DRAM 
T -4PCI 
A-4PCI 
S-4DRAM 
T-4PCI 


1 
0 
0 
1 
x 
1 
1 
A-4PCI 
S-4DRAM 
T -4DRAM 
A-4PCI 
S-4DRAM 
T -4DRAM 


1 
0 
1 
0 
0 
0 
0 
A-4DRAM 
S-4PCI 
T-4PCI 
A-4PCI 
S-4PCI 
T-4PCI 


1 
0 
1 
0 
0 
0 
1 
A-4DRAM 
S-4PCI 
T-4DRAM 
A-4PCI 
S-4PCI 
T-4PCI 


1 
0 
1 
0 
0 
1 
0 
A-4DRAM 
S-4DRAM 
T-4PCI 
A-4PCI 
S-4PCI 
T-4PCI 


1 
0 
1 
0 
0 
1 
1 
A-4PCI 
S-4DRAM 
T-4DRAM 
A-4PCI 
S-4PCI 
T-4PCI 


1 
0 
1 
1 
x 
x 
x 
Invalid 
Invalid 


1 
1 
0 
0 
0 
0 
0 
A-4DRAM 
S-4PCI 
T-4PCI 
A-4DRAM 
S-4PCI 
T-4PCI 


1 
1 
0 
0 
0 
0 
1 
A-4DRAM 
S-4PCI 
T-4DRAM 
A-4DRAM 
S-4PCI 
T-4DRAM 


1 
1 
0 
0 
0 
1 
0 
A-4PCI 
S-4DRAM 
T-4PCI 
A-4PCI 
S-4DRAM 
T-4PCI 


1 
1 
0 
0 
0 
1 
1 
A-4PCI 
S-4DRAM 
T -4DRAM 
A-4PCI 
S-4DRAM 
T -4 DRAM 


1 
1 
x 
0 
1 
x 
x 
A-4PCI 
S-4PCI 
T-4PCI 
A-4PCI 
S-4PCI 
T-4PCI 


1 
1 
1 
0 
0 
0 
0 
A-4DRAM 
S-4PCI 
T-4PCI 
A-4PCI 
S-4PCI 
T-4PCI 


1 
1 
1 
0 
0 
0 
1 
A-4DRAM 
S-4PCI 
T-4DRAM 
A-4PCI 
S-4PCI 
T-4PCI 


1 
1 
1 
0 
0 
1 
0 
A-4PCI 
S-4DRAM 
T-4PCI 
A-4PCI 
S-4PCI 
T-4PCI 


1 
1 
1 
0 
0 
1 
1 
A-4PCI 
S-4DRAM 
T-4DRAM 
A-4PCI 
S-4PCI 
T-4PCI 


NOTES: 


1. 
A=A Segment, 
S=100AOOOOh to 100FFFFFh, 
and T=T Segment. The Code Fetch and Data Access columns 
indicate whether the access is to the PCI bus or to main memory 
DRAM. 
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3.1.28. 
MCTL-MISCELLANEOUS 
CONTROL 
REGISTER 


Address 
Offset: 


Default Value: 
Access: 


79h 
OOh 
Read/Write 


Bit 


I 
Description 
J 


7 
Reserved. 


6 
ACPI Control 
Register 
Enable 
(ACRE). 
O=Any CPU access to 1/0 address 0022h is passed on to 


the PCI bus. 1=Any CPU access to 1/0 address 0022h is processed 
internally 
in the MTXC. This bit 


must be set to 1 before accessing 
the "Arbiter Disable" bit in the PM2_CNTRL 
Register (0022h). 


5 
Suspend 
Refresh 
Type (SRT). O=CBR refresh. 1=Self refresh. This bit determines 
what type of 


DRAM refresh is used during Power On Suspend 
(POS) or Suspend to DRAM modes. This bit 
applies to EDO/FPM 
DRAM only. SDRAM always uses self refresh, regardless 
of the state of 
this bit. 


4 
Normal 
Refresh 
Enable 
(NREF _EN). Setting this bit to 1 switches 
MTXC from suspend 
refresh to 


normal refresh. After the reset, this bit must be set by software 
executing 
out of EPROM. 
MTXC 


waits for this bit to be set before exiting out of suspend 
refresh mode. 


3 
Reserved. 


2 
Internal 
Clock 
Control 
(Gated 
Clock) 
Disable 
(Icc). 
1=Disable. 
O=Enable. This bit, when set to 0, 


allows the MTXC to reduce its power consumption 
(via turning off its internal clocks, to specific 
interfaces} 
when in chip standby mode. This bit defaults to O. 


1:0 
Reserved. 
. 


• 


f 
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4.0. 
FUNCTIONAL 
DESCRIPTION 


4.1. 
Host Interface 


The Host Interface 
of the MTXC is designed 
to support 
the Pentium 
microprocessor. 
The host interface 
of the 
MTXC 
supports 
60-, and 66-MHz 
bus speeds. 
The Intel 430TX 
PClset 
supports 
the Pentium. microprocessor 
with 
a full 
64-bit 
data 
bus, 
32-bit 
address 
bus, 
and 
associated 
internal 
writeback 
cache 
logic. 
Host 
bus 
addresses 
are decoded 
by the MTXC for accesses 
to main memory, 
PCI memory, 
and PCIIIO. 
The MTXC also 
supports the pipelined addressing 
capability 
of the Pentium microprocessor. 


4.2. 
Secondary CacheInterface 


The MTXC 
integrates 
a high performance 
write back second 
level cache controller 
using internal/external 
tags 
and provides 
a full first level and second 
level cache coherency 
mechanism. 
The second 
level cache is direct 
mapped, 
nonsectored, 
and supports 
a writeback, 
no write 
allocate 
(lines are not allocated 
on write 
misses) 
write policy. 


The second 
level cache 
can be configured 
to support 
either 
a 256-KB 
or 512-KB 
cache 
using synchronous 
pipelined 
burst SRAM 
or DRAM Cache. 
One additional 
PClset 
signal 
(KRQAK) 
is required 
to support 
DRAM 
Cache. 
64-Mbytes 
cacheability 
coverage 
is obtained 
with 8Kx8 standard 
SRAM 
to store the tags for 256-KB 
configuration. 
For the 512-KB configurations, 
a 16Kx8 standard 
SRAM is used to store the tags and the valid bits 
for 64-MB cacheability. 


A second 
level cache 
line is 32-bytes 
wide. 
In the 256-KB 
configurations, 
the second 
level cache 
contains 
8K lines, while the 512-KB configurations 
contain 
16K lines. Valid and modified status bits are kept on a per line 
basis. Cacheability 
of the entire memory 
space in first level cache is supported, 
while only the lower 64 MB of 


main memory 
is cacheable 
in the second 
level cache. Table 9 shows the tag sizes needed 
to support 
different 
sizes of cacheability. 
Only main memory controlled 
by the MTXC DRAM interface 
is cached. 
PCI memory 
is not 
cached. 


Table 9. Cacheability 


Cache 
Size 
Tag Size 
Cacheability 


256 Kbytes 
8K by 8 bits 
64 Mbytes 


512 Kbytes 
16K by 8 bits (including valid bit) 
64 Mbytes 


The 
following 
table 
shows 
the different 
standard 
SRAM 
access 
time 
requirements 
for different 
host 
clock 
frequencies. 


Host Clock 
Frequency 
(MHz) 
Pipelined 
Burst 
Clock-to-Output 
Tag RAM Cycle Time (ns) 
Access 
Time (ns) 


60 
10 
15 


66 
8.5 
15 


Table 10. SRAM Access 
Time Requirements 
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Figure 4 and Figure 5 show the connections 
between the MT.XC and the external tag RAM and data SRAM. 


HA[17:5) 


MTXC 
8Kx8Tag 
RAM 
~ 
HClK 
TI0[7:0) 
~ 0[7:0) 
32Kx32SRAM 
TWE# 
WE# 
A[12:0) ~ 
~OE# 
ClK 
zz 
...• 


HA[17:3)-+ 
A[14:0) 


COE# 
~ OE# 


CCS# 
~ CS# 
~~ 
r-- 


CAOS# 
AOSC# 


CAOV# 
~ AOV#· 


AOS#--. 
AOSP# 


GWE# 
•.. GWE# 
0[31:24) 
H 
p 


BWE# 
~ BWE# 
0[23:16) 
•.. H 
p 


0[15:8) 
~ H 


HBE[7:4)# 
BE[3:0)# 
0[7:0) 
•.. H 


GWE# 
0[31:24) ••••• 
H 


BWE# 
0[23:16) ••••• 
H 


WE-1# 
0[15:8) ••••• 
H 


HBE[3:0)rr 
BE[3:0)# 
0[7:0) ••••• 
H 


zz 


0[63:56) 


0[55:48) 


0[47:40) 


0[39:32) 


0[31:24) 


0[23:16) 


0[15:8) 
0[7:0) 


Figure 
4. MTXC Connections 
for 256K Second 
Level Cache with 
PBSRAM 


Figure 5 shows a 512-KB implementation 
using four 32Kx32 
SRAM. Two 64Kx32 devices could also be used. In 
this case, HA18 would not be connected 
to CS2# (l.s., CS2 and CS2# should be connected 
to an active state). 
HA18 should be connected 
to one of the address 
lines on the 64Kx32 
SRAM and is still required 
for the TAG 
RAM. 
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HA[18:5] 


MTXC 
16Kx8 Tag RAM 
HClK 
TIO(7:0] 
0(7:0] 
~ 
32Kx32SRAM 
TWE# 
WE# 
A[13:0] 
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0[31:24] 
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GWE# 
GWE# 
0[23:16] 
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BWE# 
BWE# 
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BE[3:0]# 
0(7:0] 
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0[23:16] 
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HCLK 
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Vcc 
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GWE# 
BWE# 


HBE(7:4]# 


ClK 
+-----zz 
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OE# 


CS1# 


AOSC# 
+----- 


AOV# 


AOSP# 
CS2 
0[31:24] 
H 
CS2# 


GWE# 
0[23:16] 
H 


BWE# 
0[15:8] 
- 
H 
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0(7:0] 
+-+H 
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Figure 
5. MTXC Connections 
for 512K Second 
Level Cache with 
PBSRAM 
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4.2.1. 
CLOCK 
LATENCIES 


Table 11 lists the latencies for various processor transfers 
to and from the second level cache. 


Table 11. Second Level Cache Latencies 
with Pipelined 
Burst SRAM 


Cycle Type 
HCLKCount 


Burst Read 
3·1-1-1 


Burst Write (write back) 
3-1-1-1 


Single Read 
3 


Single Write 
3 


Pipelined 
Back-to-Back 
Burst Reads 
3-1-1-1,1-1-1-1 
(note 1) 


NOTES: 


1. 
The back to back cycles do not account for CPU idle clocks between 
cycles. 


4.2.2. 
SNOOP 
CYCLES 


The 
snoop 
(or inquire) 
cycle 
is used to probe 
the first level and 
second 
level caches 
when 
a PCI master 
attempts to access main memory. This is done in order to maintain coherency 
between the first and second level 
caches and main memory. 


To maintain 
optimum 
PCI bandwidth 
to DRAM, the MTXC utilizes a snoop ahead algorithm. 
Once the snoop for 
the first cache line of a transfer 
has completed, 
the MTXC automatically 
snoops the next sequential 
cache line. 


This algorithm 
enables the MTXC to continue burst transfers 
across cache line boundaries. 


Reads 


Snoop 
cycles 
are 
performed 
by driving 
the 
PCI master 
address 
onto 
the 
host address 
bus and 
asserting 
EADS#. The processor 
then performs 
a tag lookup to determine 
whether 
the addressed 
memory 
is in the first 
level cache. If the snoop hit is to a Modified Line in the first level cache (HITM# asserted), 
then the line in the first 
level cache 
is posted 
to the DRAM 
Posted 
Write 
buffers. 
The line in the second 
level cache 
(if it exists) 
is 
invalidated. 
The line in the first level cache is not invalidated 
if the INV pin on the CPU is tied to the KEN# signal 
from 
the 
MTXC. 
KEN#/INV 
will 
be 
driven 
low 
by the 
MTXC 
with 
EADS# 
assertion 
during 
PCI 
master 
read cycles. 


At the same 
time as the first level snoop 
cycle, the MTXC 
performs 
a tag lookup 
to determine 
whether 
the 
addressed 
memory is in the second level cache. A hit to a modified 
line in the second level cache also results in 
a write back to DRAM posted write buffers if HITM# is not asserted. 
The PCI data is serviced 
from the DRAM 
after the line has been retired to DRAM. 


Writes 


PCI Master write cycles never result in a write directly into the second level cache. A snoop hit to a modified 
line 
in either the first or second caches results in a writeback 
of that line to main memory. 
If both the first and second 
level caches 
have modified 
lines, then the line is written back from the first level cache. In all cases lines in the 
first and second 
level caches 
are invalidated 
and the PCI write 
to main 
memory 
occurs 
after the writeback 
completes. 
A PCI master write snoop hit to an unmodified 
line in either the first or second level caches results in 
the line being invalidated. 
KEN#/INV 
will be driven high by the MTXC with EADS# assertion 
during PCI master 
write cycles. 
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4.2.3. 
DRAM CACHE SECOND 
LEVEL CACHE 
MODE 


DRAM 
Cache 
L2 cache 
implementation 
is similar 
to Pipelined 
Burst 
SRAM, 
except 
for the 
addition 
of the 
KRQAK 
bi-direct 
refresh 
handshake 
signal 
between 
the 
MTXC 
and 
L2 SRAM. 
A DRAM 
Cache 
type 
L2 is 
assumed 
present when the KRQAK pin is sampled 
high during the negation of the reset signal. An internal weak 
pull-down 
is used 
on the 
MTXC 
KRQAK 
pin to default 
to a non 
DRAM 
Cache 
L2 mode, 
if this pin is left 


unconnected. 
An external 
pull-up 
(10 kn) 
must be used on KRQAK 
when 
DRAM Cache 
SRAM 
is used. Note 
that there is no configuration 
bit associated 
with the L2 Pseudo SRAM mode. 


The SRAM can operate 
in either master or slave mode via the M/S# 
strapping 
bit. In master mode, the SRAM 
drives 
the 
KRQAK 
pin to request 
a refresh. 
A slave 
device 
never 
drives 
KRQAK, 
but only 
monitors 
it to 
determine 
when a refresh 
period begins. 
Only one SRAM 
device within the L2 cache 
is master 
enabled. 
The 
other SRAM devices must be slaves. 


During 
reset, 
the 
master 
SRAM 
and 
MTXC 
tri-state 
their 
KRQAK 
outputs. 
After 
the SRAM 
RESET 
pin is 
negated, 
KRQAK 
remains tri-stated 
for one whole refresh interval and is then driven high by the master SRAM. 
The SRAM signals a refresh request 
by driving 
KRQAK 
low for 1 clock, high the next clock, and then tri-states 
on the following 
clock and waits, sampling 
the KRQAK 
pin. The MTXC after sampling 
the SRAM's 
request 
on 


KRQAK and after the SRAM has tri-stated 
its KRQAK 
output, waits for a host bus dead clock and grants an L2 
refresh by driving its KRQAK pin in an identical fashion to the SRAM's 
request signaling. 
When all SRAM's 
see 


the refresh grant from the MTXC, they begin their internal refresh cycle for a period of 20 clocks. 


4.3. 
DRAM Interface 


The MTXC integrates 
a DRAM controller 
that supports 
a 64-bit memory 
array from 4 Mbytes to 256 Mbytes of 
main memory. 
The MTXC supports 
Standard 
Page Mode (FPM), 
Extended 
Data Out (EDO) and Synchronous 
DRAM (SDRAM) 
memories 
using 32-bit wide SIMM modules, 
64-bit wide unbuffered 
DIMM modules 
and 64-bit 


wide unbuffered 
SO-DIMM 
modules. 
DRAM 
parity is not supported, 
and for loading 
reasons, 
parity 
modules 
should not be used. All three memory types can be mixed and matched. 
The MTXC generates 
all DRAM control 


signals and multiplexed 
addresses 
for the DRAM array. The address 
and data flows through 
the MTXC for all 
DRAM accesses. 
The DRAM controller 
interface is fully configurable 
through a set of control registers. 
Complete 
descriptions 
of these registers are given in the MTXC configuration 
register description. 
A brief overview 
of these 
registers is provided 
in this section. 


The MTXC supports 
page mode 
DRAMs 
and EDO (Extended 
Data Out) DRAMs; 
otherwise 
known 
as Hyper 
Page mode. The twelve 
multiplexed 
address 
lines, MA[11 :0], allow the MTXC to support 
4-Mbit, 
16-Mbit, 
and 
64-Mbit 
memory, 
both symmetrical 
and asymmetrical 
addressing. 
The MTXC 
has six RAS# lines enabling 
the 
support 
of up to six rows of DRAM. Eight CAS# lines allow byte control 
over ther array during write operations. 
The MTXC targets 
60 ns (also supports 
50 ns and 70 ns) DRAMs, 
and supports 
both single- and double-sided 
Dram 
modules. 
The 
MTXC 
provides 
CBR 
refresh 
and extended 
CBR 
refresh 
in the 
normal 
mode 
and self 
refresh or CBR (for EDOs only) during suspend mode. 


The 
MTXC 
also 
supports 
SDRAMs. 
The fourteen 
multiplexed 
address 
lines, 
MA[13:0], 
allow 
the 
MTXC 
to 
support 
16-Mbit 
and 
64-Mbit 
SDRAM 
devices. 
The 
MTXC 
has six CS# 
lines 
(i.e. muxed 
onto 
RAS#[5:0]). 


Although 
six CS# signals are provided, 
due to loading concerns, 
5 rows of SDRAM 
maximum 
is recommended. 
Eight DQM lines (i.e., muxed with CAS#[7:0]) 
allow byte control over the array during the write operation. 
Two 
copies of SRAS# and SCAS# Signals are provided for encoded 
SDRAM commands. 
The MTXC targets 60- and 
66-MHz SDRAMs 
and supports both single- and double-sided 
SDRAM modules. 


The 
DRAM 
interface 
of the 
MTXC 
is configured 
by the 
DRAM 
Control 
Mode 
Register 
(DRAMC), 
DRAM 
Extended 
Control 
Register (DRAMEC), DRAM 
Timing I;legister (DRAMT), 
SDRAM Control Register 
(SDRAMC), 


six DRAM 
Row Boundary 
(DRB) 
Registers, 
and the DRAM 
Row Type 
(DRT) 
Registers. 
The 
DRB registers 
define the size of each row in the memory array. 
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similar manner. 


4.3.1. 
DRAM ORGANIZATION 


The 
MTXC 
integrates 
a DRAM 
controller 
that 
supports 
EDO, 
FPM, 
and SDRAM. 
SDRAM, 
EDO 
and 
FPM 
DRAM's 
can be mixed between 
rows, however, 
a given row must contain only one type of DRAM. When DRAM 
types are mixed (EDO, FPM and SDRAM) each row will run optimized 
for that particular type of DRAM. 


The 
MTXC 
supports 
six 
rows 
of 
memory 
(six 
RAS#/CS# 
lines). 
For 
maximum 
memory 
flexibility 
and 
performance, 
it is recommended 
that a DRAM configuration 
of four rows be used. This allows 
64-Mbit 
DRAM 
devices to be used as well as the mixing of SDRAM 
and EDO/FPM. 
Figure 6 shows an EDO/FPM 
configuration 
using x32 SIMM 
modules 
and Figure 
7 shows 
a four row EDO/FPM/SDRAM 
configuration 
using x64 DIMM 
modules 
(or x64 SO-DIMM). 


NOTE 


It is not recommended 
to mix SDRAM 
(which 
are 3V devices) 
with 5V EDO/FPM 
SIMMs, 
unless 
the 
SDRAM 
and EDO/FPM 
are properly 
isolated 
(e.g., isolate the memory data lines with Qswitches). 
Mixing 
5V and 3V memory is not recommend 
for reliability reasons. Not all SDRAMs 
are 5V tolerant. 
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MTXC 
,. HD[63:0] 


MD[63:0] 
CAS[3:0]# 
CAS[7:4]# 
MA[II:0] 
RAS[3:0]# 
j 
~ 
~ 
I· 


RAS[3:2]# 
+- WEB# 


32-BitSIMM 
32-Bit SIMM 


~ 
i i~ 


RAS[I:0]# 
4-- 
WEA# 


32-Bit SIMM 
32-Bit SIMM 


~ 
Host Data Bus 


Figure 6. FPMIEOO 
Four Row SIMM Configuration 


MTXC 
,.HD[63:0] 


MD[63:0] RASlCS[3:0]# 
CASIDQM[3:0]# 
CAS/DQM[7:4]# 
MA[13:0 


~ 
~ 
.-CKEB 


[3:2]# 
~WEB# 


64-Bit DIMM Of SO-DIMM 
I:=SRASB# 
SCASB# 


~ 
i 
~ 
.-CKEA 


[1:0]# 
f4-WEA# 
I+-SRASA# 
64-Bit DIMM Of SO-DIMM 
I+-SCASA# 
, 


Host Data Bus 


NOTES: 


1. 
In a configuration 
that supports 
suspend 
to RAM, only CKE is used. This is because 
CKEB 
is not part of the suspend 
well 


the MTXC 
maintains 
during a suspend 
to RAM state. 


2. 
In a desktop 
system 
that supports 
EDO/FPM, 
CKE and CKEB should be used as the second 
pair of MAO and MA 1 lines. 


CKE is used as MAAO and CKEB 
is used as MAA 1. In this case, they should 
be evenly distributed 
throughout 
the system 
along with the first pair of MAO and MA 1 lines. 


Figure 7. FPMIEOO/SORAM 
Four Row OIMM or SO-OIMM 
Configuration 
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Rules 
for Populating 
SIMM Modules 
(or x32 SO-DIMM 
modules) 


• 
SIMM sockets can be populated 
in any order (Le., memory for RASO# does not have to be populated 
before 
memory for RAS[2:1]# 
or RAS[4:3]# 
are used). 


• 
SI MM socket 
pairs 
(l.s., 
two, 
32-bit 
wide 
SIMMs) 
need 
to be populated 
with 
the 
same 
densities. 
For 
example, 
SIMM sockets for RASO# should be populated 
with identical densities. 
However, 
SIMM sockets for 
RAS[2:1]# 
can be populated 
with different densities than the SIMM socket pair for RASO#. 


• 
EDOs and standard 
page mode can both be used; however, only one type should be used per SIMM socket 
pair. For example, 
in the table shown below SIMM sockets for RAS[2:1]# 
can be populated 
with EDOs while 
SIMM 
sockets 
for RAS[4:3]# 
can be populated 
with standard 
page mode. 
If different 
memory 
is used for 
different 
rows, each row will be optimized 
for that type of memory. 


• 
The DRAM Timing Register which provides the DRAM speed grade control for the entire memory array must 
be programmed 
to use the timings of the slowest 
DRAMs installed. 


Rules 
for Populating 
DIMM or SO-DIM M modules 


• 
DIMM or SO-DIMM 
sockets 
can be populated 
in any order (Le., memory 
for RASO# does not have to be 
populated 
before memory for RAS[2:1]# 
or RAS[4:3]# 
are used). 


4.3.2. 
CONFIGURATION 
REQUIREMENTS 


General 
Configuration 
Requirements 


• 
In a system 
that uses 64-Mbit 
SDRAM, 
the RAS4#/CS4#/BA 
1 and RAS5#/CS5#/MA 
13 signals are used to 
provide two additional address 
lines (BA1 and MA13), and KRQAKlCS4_64# 
is used to provide the 5th CS# 
line, if required. To enable 64-Mbit support for four rows of SDRAM, 
set SDRAMC[bit 
1] to 1 (offset 54h). To 
enable 
64-Mbit 
support 
for five rows of SDRAM, 
SDRAMC[bit 
1] must be set to 1, and DRAM cache must 
not 
be present 
in the system 
(indicated 
by CEC[bit 
5]=0, offset 
53h). 
In a five row SDRAM 
system 
that 
supports 
64-Mbit 
SDRAM 
devices, 
the 
KRQAKlCS4_64# 
signal 
provides 
the 
fifth 
CS# 
(or CS4_64#) 
function. 
This 
means 
that 
a system 
that 
supports 
DRAM 
Cache, 
can 
not support 
five 
rows 
of 64-Mbit 
SDRAM. 
However, 
four 
rows 
of 64-Mbit 
SDRAM 
with 
DRAM 
Cache 
is supported. 
In a FPM/EDO 
only 
configuration, 
there are no restrictions 
on using 64-Mbit devices (i.e., all six rows can support 64-Mbit 
DRAM 
devices. 
However, 
SDRAMC[bit 
1] must be set to 1 if more than four rows of EDO/FPM 
are used. This 
allows the RAS4# and RAS5# functions 
to be used. 


Driven 
on 
Driven 
on 
Driven 
on 
64-Mbit 
64-Mbit 
RAS5#/CS5#/ 
RAS4#/CS4#/ 
KRQAKI 
(SDRAM) 
(EDOIFPM) 
MA13 
MA13 
CS4_64# 


Bit 1, reg 54h=0 
RAS5#/CS5# 
RAS4#/CS4# 
KRQAK 
no 
yes (6 rows) 


Bit 1, reg 54h=1 and 
MA13 
BA 1 (Bank Select) 
KRQAK 
Yes 
Yes (4 rows) 
DRAM Cache is 
(4 rows) 
present' 


Bit 1, reg 54h=1 and 
MA13 
BA 1 (Bank Select) 
RAS4#/ 
Yes 
Yes (5 rows) 


DRAM Cache is not 
CS4_64# 
(5 rows) 
present' 


NOTES: 


1. 
The presence of DRAM cache is indicated 
by the value in bit 5, register 53h. 


• 
Due to loading, using SDRAM x4 devices is not recommended. 


• 
Buffering of SDRAM 
Rows is not supported 


• 
In a five row system, the 5th row is intended to be implemented 
with DRAM devices that are soldered down 
on the motherboard. 
If a DIMM or a SIMM is used in the 5th row, it should not be used as an upgrade 
path 
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by the end user; the size and type of DRAM that can be implemented 
in the 5th row is limited (see the bullets 


below). 


The total memory 
supported 
is 256 MB, even though 
it is possible 
to populate 
the six rows with more than 


256 MB. This limit must be ensured by the system BIOS. 
• 


EDOIFPM only configuration 
Requirements 


• 
If more than four rows of x4 DRAM devices + one row of x8 DRAM devices 
of memory 
is supported, 
it is 


recommended 
that all six rows be buffered. 
MA and MWE# enable signals should be buffered. 
In a system 
that only supports 
x8 or x16 devices 
(i.e., x4 devices 
not supported), 
six rows of memory 
can be supported 


without buffering. 


• 
Maximum 
load supported 
without buffers: Four rows of x4 DRAM devices + one row of x8 DRAM devices. 


• 
A second pair or MAO and MA 1 signals are provided 
by muxing CKE with MAAO and CKEB with MAA 1. In a 


desktop system, 
it is required that the second pair of MA lines be used to support 5-2-2-2 
EDO performance 
in more 
than 
two 
rows of memory. 
The 
second 
pair of MA lines are not required 
in a mobile 
system, 


assuming 
x4 devices are not used. The MA functionality 
is selected via DRAMC[bit 
2] (67h).· 


SDRAM only configuration 
Requirements 


• 
Maximum 
rows supported; 
Five rows of x8 devices. 


SDRAMJEDOIFPM 
mixing configuration 
Requirements 


• 
If SDRAM 
and EDO/FPM 
are mixed in a system, the configuration 
is limited to a maximum 
of four rows (two 


rows of x4 EDO/FPM 
and two rows of x8 or x16 SDRAM). 
If only x8 or x16 EDO/FPM 
and SDRAM 
devices 


are used (I.e., not x4's), five rows can be supported. 


• 
SDRAMs 
can be mixed with EDO/FPM 
on a row by row basis (e.g., row 0 can be populated 
with SDRAMs 


while row 3 is populated 
with EDO/FPM). 


• 
A second pair or MAO and MA 1 signals are provided 
by muxing CKE with MAAO and CKEB with MAA 1. In a 


desktop system, 
it is required that the second pair of MA lines be used to support 5-2-2-2 
EDO performance 
in more 
than 
two 
rows 
of memory. 
The second 
pair of MA lines are not required 
in 
Cl mobile 
system, 


assuming 
x4 devices are not used. The MA functionality 
is selected via DRAMC[bit 
2] (67h). 


Table 12 provides 
a summary 
of the characteristics 
of memory 
configurations 
supported 
by the MTXC. Minimum 


values 
listed are obtained 
with single-sided 
SIMMs or DIMMs. 
Maximum 
values are obtained 
with double-sided 


SIMMs or DIM Ms. Note that, for a 64-bit wide memory 
array, a minimum 
of two 32-bit wide DRAM SIMMs are 


required 
in any specific 
row. The minimum 
values used are also the smallest 
upgradeable 
memory 
size. Please 


note that EDO/FPM 
can also come on x64 DIMM modules. 
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Table 
12. Minimum 
(Upgradeable) 
and Maximum 
Memory 
Size for each configuration 
(DRAM) 


DRAM 
DRAM 
DRAM 
DRAMSIMM 
DRAM 
Address 
Size 
DRAM Size 


Tech. 
Density 
Width 
SS 
OS 
Addressing 
Row 
Col 
Min. (UP) 
Max. 
x32 
x32 
(1 row) 
(6 rows) 


4M 
512K 
8 
512K 
1M 
Asymmetric 
10 
9 
4MB 
24MB 


1M 
4 
1M 
2M 
Symmetric 
10 
10 
8MB 
48MB 


16M 
1M 
16 
1M 
2M 
Symmetric 
10 
10 
8MB 
48MB 


1M 
16 
1M 
2M 
Asymmetric 
12 
8 
8MB 
48MB 


2M 
8 
2M 
4M 
Asymmetric 
11 
10 
16 MB 
96MB 


4M. 
4 
4M 
8M 
Symmetric 
11 
11 
32MB 
192 MB 


4M 
4 
4M 
8M 
Asymmetric 
12 
10 
32MB 
192 MB 


64M 
2M 
32 
2M 
4M 
Asymmetric 
12 
9 
16 MB 
96MB 


4M 
16 
4M 
8M 
Symmetric 
11 
11 
32 MB 
192 MB 


4M 
16 
4M 
8M 
Asymmetric 
12 
10 
32MB 
192 MB 


8M 
8 
8M 
16M 
Asymmetric 
12 
11 
64MB 
256MB 


16M 
4 
16M 
32M 
Symmetric 
12 
12 
128MB 
256MB 


Table 
13. Minimum 
(Upgradeable) 
and Maximum 
Memory 
Size for each configuration 
(SDRAM) 


SDRAM 
SDRAM 
SDRAM 
SDRAM 
DIMM 
SDRAM 
Address 
Size 
SDRAM 
Size 


Tech. 
Density 
Width 
SS 
OS 
Addressing 
Row 
Column 
Min. (UP) 
Max. 
x64 
x64 
(1 row) 
(6 rows) 


16M 
1M 
16 
1M 
2M 
Asymmetric 
12 
8 
8MB 
48MB 


2M 
8 
2M 
4M 
Asymmetric 
12 
9 
16 MB 
96MB 


4M 
41 
4M 
8M 
Asymmetric 
12 
10 
32MB 
192 MB 


64M 
2M 
32 
2M 
4M 
Asymmetric 
12 
9 
16 MB 
96MB 


2M 
32 
2M 
4M 
Asymmetric 
13 
8 
16MB 
96MB 


4M 
16 
4M 
8M 
Asymmetric 
14 
8 
32MB 
192 MS 


8M 
8 
8M 
16M 
Asymmetric 
14 
9 
64MB 
256MB 


16M 
41 
16M 
32M 
Asymmetric 
14 
10 
128 MB 
256MB 


NOTES: 


1. 
Functionally 
the 430TX supports x4 SDRAM devices. 
However, 
due to loading reasons, it is not 
recommended 
that x4 devices be used in 60-MHz and 66-MHz designs. 
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The 
memory 
organization 
shown 
below 
represents 
the 
maximum 
256 
MB of address 
space. 
Accesses 
to 
memory space above Top-of-DRAM 
« 
256 MB), video buffer, or the memory gaps (if enabled) 
are forwarded 
to 
PCI, and these 
regions 
are not cacheable. 
Below 
1 MB, there 
are several 
memory 
segments 
which 
have 
selectable 
cacheability. 
None of the DRAM space occupied 
by the video buffer (except for SMM usage) or the 
memory space gaps is remapped 
(and is therefore 
"losf'). 


Forwarded to PCI (Non-Cacheable) 


Optional TSEG (Cacheable) 
128 KB/256 KB/512 KB/1 MB 


Forwarded to PCI (Non-Cacheable) 


aliased 
Optional HiSMRAM 
ShadowArea384KB(Cacheable) 


Forwarded to PCI (Non-Cacheable) 


alias~ 
Non-Cacheable 
in L2, 


Cacheable in L1 


Cacheable 


.: 


TSeG 


., 


.';: 
.. 
..' 
Optional Memory Space Gap 


Cacheable 


Expansion and BIOS Region 
System 
> 
(Cacheable Segments) 


.: 
DRAM 
Video Butter 


":,";' 
iC':'! 
.. 
(SMM Space Non-Cacheable) 


Optional Memory Space Gap 


OOS Applications 
(No ReadtWrite 
Protect) 
(Always Cacheable) 


4GB 


256 MB + Top-ot-DRAM 


256 MB + 640 KB 


256 MB 


64 MB 


16 MB 


14/15 MB 


1 MB 


768 KB 


640 KB 


512 KB 


o 


Top-ot-DRAM 
(ORBS) 


Top-of- 
Main Memory 


. Figure 8. Memory Space Organization 
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4.3.3. 
DRAM ADDRESS 
TRANSLATION 


The multiplexed 
row/column 
address to the DRAM memory array is provided 
by the MA[ll 
:0] signals 
(MA[13:0] 
for SDRAM 
64-Mbit 
support). 
The MA bits are derived 
from the host or PCI address 
bus as defined 
by the 


Table 14. The MTXC supports 
a 2K byte page size only. The MA lines are translated 
from the address 
lines 
A[26:3] for all memory accesses. 


Table 14. MTXC DRAM Address 
Map Summary 


ADDR 
MA13 
MAl21 
MAll! 
MAlO 
MA9 
MA8 
MA7 
MA6 
MAS 
MA4 
MA3 
MA2 
MAl 
MAO 
BAl 
BAO 


Row 
A24 
A23 
All 
A22 
A21 
A20 
A19 
A1B 
A17 
A16 
A15 
A14 
A13 
A12 


Col 
A23 
A26/ 
All/ 
All/ 
All/ 
Al0 
A9 
AB 
A7 
A6 
A5 
A4 
A3 
All 
A25 
A24/ 
A22/ 


"V" 
.4.26 
A23/ 
A25 


NOTES: 


1. 
V=Valid level (either 0 or 1) used for SDRAMs. 
It is 1 during the initialization 
sequence. 
It is 0 during normal 
mode of operation. 


2. 
BAO and BA 1 are the muxed bank selects for SDRAM. 
Bank select BA 1 is required for 64-Mbit SDRAM 
support. 


4.3.4. 
DRAM PAGING 


If DRAMC[bit 
4]=1, the MTXC keeps the page open until a page or row miss occurs. If DRAMC[bit 
4]=0 (default), 


the DRAM page is kept open when: 


• 
CPU host bus is non-idle, or 


• 
PCI interface owns the bus. 


4.3.5. 
DRAM TYPES 


4.3.5.1. 
FPM Mode 


The MTXC, as a default, supports the standard fast page mode (FPM) DRAM. 


4.3.5.2. 
EDO Mode 


Extended 
Data Out (or Hyper Page Mode) 
DRAM is designed 
to improve 
the DRAM read performance. 
EDO 


DRAM holds the memory 
data valid until the next CAS# falling edge. Compared 
to standard 
page mode DRAM 


which tri-states 
the memory 
data when CAS# negates to precharge. 
With EDO, the CAS# precharge 
overlaps 
the memory 
data valid time. This 
allows 
CAS# 
to negate 
earlier 
while 
still satisfying 
the memory 
data valid 


window time. 


4.3.5.3. 
SDRAM 
Mode 


Synchronous 
DRAM (SDRAM) 
implements 
a fully synchronous 
interface 
as compared 
to a conventional 
DRAM 


whose timing delays are related to the rising and falling edges of the RAS#, CAS#, and WE# input signals. The 
430TX supports all of the features 
and timings as shown in the "SDRAM 
PC" specification. 
The objective 
of the 
SDRAM PC Specification 
is to enable low cost and easily manufactureable 
SDRAMs for the main stream volume 
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desktop and Mobile PC's. There are three grade parts defined for the 430TX. All of the speed grade conform to 
the SDRAM 
PC Specification. 
For information 
on the performance 
of each of the Speed grade parts, refer to the 
DRAM performance 
section. The Three speed grade parts are shown in Table 15. 


Table 
15. SDRAM 
Speed 
Grade 
Parts 


Speed 
Grade 
CAS latency 
(Cl) 
RAS to CAS (Trcd) 
System 
Frequency 


66.67 MHz 
3 
3 
60/66 MHz 


66.67 MHz 
3 
2 
60/66 MHz 


66.67 MHz 
2 
2 
60/66 MHz 


SDRAM 
Command 
Reference 


The 430TX supports the following 
commands: 


Command 


Mode Register Set (MRS) 


Activate 
Bank (ACT) 


Read Bank (RD) 
I 


Write Bank (WR) 


Precharge 
All Banks (PALL) 


Deselect 
Device 


Command 


No Operation 
(NOP) 


Auto Refresh CBR (REFR) 


Data Write/Output 
Enable 


Data Mask/Output 
Disable 


Self Refresh Entry 


Self Refresh Exit 


Table 
16 MRS command 
(Mode 
Register 
Set) Supported 
by the MTXC. 


Table 
16. Command 
Fields 


A11 
A10 
A9 
AB 
A7 
A[6:4] 
A3 
A[2:0] 


0 
0 
0 
0 
0 
CL 
WT 
BL 


CAS latency 
Field (Cl) 


Bits[6:4] 
CAS latency 


010 
2 


011 
3 


All Other 
X 


Wrap Type Field (WT) 


Bit3 
Type 


0 
X 


1 
Interieave 


Burst 
length 
Field (Bl) 


Bits[2:0] 
Burst 
length 


010 
4 


All Other 
X 


The linear order addressing 
is 
not supported. 


NOTES: 


1. 
X=Don't 
Care. These Modes are Don't Care for MTXC specific implementation. 
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4.3.6. 
AUTO DETECTION 


The SDRAM, 
FPM, and EDO detection 
is performed 
by BIOS. 
Note that when 
accessing 
any of the DRAM 
related registers (i.a., 54h-68h), 
refresh should be turned off via the DRAM Control register (DRAMC). 


4.3.7. 
DRAM PERFORMANCE 


The 
DRAM 
performance 
is controlled 
by the DRAM timing 
register, 
processor 
pipelining, 
and by the type of 
DRAM used (EDO or FPM or SDRAM). 
Table 17 depicts both EDO and standard 
page mode optimum 
timings. 


For read cycles, clocks counts are measured 
from ADS# to BRDY#. 


For write cycles, the measurement 
is broken up into two parts. The first part consists 
of the rate of posting data 
in to the CPU to DRAM posted write buffers. This is measured 
from ADS# to BRDY#. The second part consists 
of the retire rate from posted write buffers to the DRAM. The leadoff for retiring is measured 
from the clock after 
BRDY# assertion 
to the CAS# assertion. 


Table 17 lists the performance 
summary 
for 60 ns EDO/FPM 
DRAMs. 
The four row column 
is assuming 
each 
row is populated 
with a maximum 
of 16, x4 devices=64 
DRAM devices. The five row column is assuming 
each of 
the first four rows is populated 
with a maximum 
of 16, x4 devices and the fifth row is populated 
with a maximum 
of eight, x8 devices=72 
DRAM devices. The six row column assumes 
that each of the six rows can be populated 
with a maximum 
of 16, x4 devices. 


The FELO and SLD bits are used to control the leadoff for read cycles (page hit, row miss, and page miss). Each 
bit removes one clock from the leadoff, when enabled. 
Note that FELO impacts 
EDO only and must be disabled 
for FPM. The DLT bits are used to control the base starting point for the leadoff for read/write 
cycles (page miss 
and row miss, only). 
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Processor 
Cycle 
Type (plpelined) 
60/66 MHz 
60/66 MHz 
60/66 MHz 
DRAM Type 
w/four 
rows 
w/flve 
rows 
w/slx 
rows 
Buffered 


Burst Read Page Hit 
5-2-2-2 
6-3-3-3 
6-3-3-3 
EDO 


Read Row Miss 
1 
8-2-2-2 
9-3-3-3 
10-3-3-3 
EDO 


Read Page Miss 
11-2-2-2 
12-3-3-3 
13-3-3-3 
EDO 


Back-to-Back 
Burst Reads Page Hit 
5-2-2-2-3-2-2-2 
6-3-3-3-4-3-3-3 
6-3-3-3-4-3-3-3 
EDO 


Burst Read Page Hit 
6-3-3-3 
7-4-4-4 
7-4-4-4 
FPM 


Burst Read Row Miss 
1 
9-3-3-3 
9-4-4-4 
9-4-4-4 
FPM 


Burst Read Page Miss 
12-3-3-3 
12-4-4-4 
12-4-4-4 
FPM 


Back-to-Back 
Burst Read Page Hit 
6-3-3-3-3-3-3-3 
7-4-4-4-4-4-4-4 
7-4-4-4-4-4-4-4 
FPM 


Write Page Hit 


2 


• 
3 
. 
4 
3 
3 
3 
EDO/FPM 


Write Row Miss2•3.4 
6 
6 
7 
EDO/FPM 


Write Page Miss 


2 


• 
3 


• 
4 
9 
9 
10 
EDO/FPM 


Posted Write 3.4 
3-1-1-1 
3-1-1-1 
3-1-1-1 
EDO/FPM 


Write retire rate from Posted Write 
-2-2-2 
-3-3-3 
-3-3-3 
EDO/FPM 
Buffer 


Single writes 
2 
2 
3 
EDO/FPM 


. 
5 


0 
EDO/FPM 
Reg 56h, Bit 4 (SLD) 
0 
0 


Reg 56h, Bit 5 (FELO)6 
1 
1 
1 
EDO 


Reg 56h, Bit 5 (FELO)6 
0 
0 
0 
FPM 


Reg 58h, Bits[6:5] (DRBT) 
2 
1 
1 
EDO/FPM 


Reg 58h, Bits[4:3] (DWBT) 
2 
1 
1 
EDO/FPM 


Reg 58h, Bits[1 :0] (DLT) 
1 
1 
0 
EDO/FPM 


Reg 56h, Bit 6 (RRA) 
0 
0 
0 
EDO/FPM 


Table 
17. EDO/ Standard 
Page Mode Performance 
Summary 
(60 ns DRAMs) 


NOTES: 


1. 
The row miss cycles assume that the new page is closed from the prior cycle. Due to the MA[13:0] to RAS# 
setup requirements, 
if the page is open, 2 clocks are added to the leadoff. 


2. 
This cycle timing assumes the write buffer(DWB) 
is empty. 


3. 
Write timing is measured 
from the clock after BRDY# is returned to the CPU up to CAS# assertion 
for that 
cycle. 


4. 
Write data is always posted as 3-1-1-1 (ADS# to BRDY#), if write buffers is available. 


5. 
This bit (SLD) should be set to a 1 (speculative 
leadoff disable) in systems with cache and to 0 in systems 
without cache. 


6. 
When set to 1, enables fast timing for EDO timing only. Enables one HCLK pull in for page hit, page miss, 
and row miss cycles. 
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Table 18 lists the performance 
summary 
for SDRAM. 
The CL= 3 column represents 
a CAS latency of 3 part with 


a RAS to CAS (Trcd) of two clocks. The CL=2 column 
represents 
a CAS latency of two part. The performance 


numbers in Table 18 assume each row is populated 
with a maximum 
of eight, x8 devices=40 
SDRAM devices. 


The SLD bl(page 
hit, row miss, and page miss) is used to control the leadoff for read cycles. This bit removes 


one clock from the leadoff, when enabled. 


Processor 
Cycle Type 
60/66 MHz 
60/66 MHz 
CL=3 
CL=2 
Five Rows 
(Max) 
Five Rows (Max) 


Burst Read Page Hit 
7-1-1-1 
6-1-1-1 


Read row Miss 
1, 
9-1-1-16 
8-1-1-1 
. 
. 


Read Page Miss 
, 


12-1-1-16 
11-1-1-1 


Back-to-Back 
Burst Reads Page Hit 
7-1-1-12-1-1-1 
6-1-1-12-1-1-1 


Write Page Hit 


2 


. 
3 
3 
3 


Write Row Miss 


2 
• 
3 
6 
5 


Write Page Miss 
2 


• 
3 


I 
9 
8 


Posted Write 


2 


• 
3 
3-1-1-1 
3-1-1-1 


Write retire rate from Posted Write Buffer 
-1-1-1 
-1-1-1 


Reg 54h, Bit 5 (RCO)s 
1 
0 


Reg 54h, Bit 4 (CL) 
.- 
0 
1 


Reg 54h, Bit 3 (RT) 
0 
1 


Reg 56h, Bit 4 (SLD)4 
0 
0 


Table 
18. SDRAM 
Performance 
Summary 


NOTES: 


1. 
The row miss cycle assumes that the new page is closed from the prior cycle. 


2. 
This cycle timing assumes the write buffer(DWB) 
is empty. 


3. 
Write data is always posted as 3-1-1-1 (ADS# to BRDY#), 
if write buffers is available. 


4. 
This bit (SLD) must be set to a 1 (speculative 
leadoff disable) in systems with cache and to 0 in systems 
without cache. 


5. 
For a CL=3 part that can not meet a RAS to CAS timing (Trcd) of two HCLKs, 
RCO can be set to O. This will 


add an HCLK to the leadoff cycle for Row miss and Page miss cycles. 
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4.3.8. 
DRAM REFRESH 


MTXC supports 
CAS·before-RAS# 
(CBR) refresh and Self refresh. The refresh rate is controlled 
via the DRAM 
Refresh 
Rate field in the DRAM Control Register 
(DRAMC). 
When a refresh request is generated, 
it is placed in 


a four entry queue. 
The DRAM controller 
services 
a refresh 
request when the refresh queue 
in not empty and 
the controller 
has no other requests pending. When the refresh queue is full, refresh becomes 
the highest priority 
request and will be serviced 
next by the controller. 


Refresh 
is only performed 
on rows that are populated 
(i.e., "smart 
refresh"). 
The controller 
determines 
which 
rows are populated 
by looking at the DRB registers. 
Note that Refresh has to be disabled 
before the refresh rate 
is changed. 


Refer to bit 5 in the MCTL register (offset 79h) for suspend 
refresh information. 


4.4. 
PCI ClK Control (ClKRUN#) 


4.4.1. 
CLOCKING 
STATES 


There are three main states in the clocking protocol: 


• 
Clock 
Running: 
The "clock is running and the bus is operational. 


• 
About 
to Stop: 
The central resource 
has indicated 
on the CLKRUN# 
line that the clock is about to stop. 


• 
Clock 
Stopped: 
The clock is stopped with CLKRUN# 
being monitored 
for a restart 


4.4.2. 
OPERATION 


The MTXC 
is a CLKRUN# 
Master device 
and behaves 
according 
to the rules for a master 
device. 
The PIIX4 
companion 
chip controls 
the clocks in the system 
and is the CLKRUN# 
Central 
Resource. 
Please 
refer to the 
latest "PCI Mobile Design Guide" for more information. 


4.5. 
SMRAMMemory Space 


The MTXC 
supports 
the use of main memory 
as System 
Management 
RAM (SMRAM), 
enabling 
the use of 
System 
Management 
Mode. The MTXC supports 
two SMRAM 
options; 
Compatible 
SMRAM 
(C_SMRAM) 
and 
Extended 
SMRAM 
(E_SMRAM). 


4.5.1. 
COMPATIBLE 
SMRAM 
(C_SMRAM) 


This 
is 
the 
traditional. 
SMRAM 
feature 
supported 
in 
Intel 
PClsets. 
When 
this 
function 
is 
enabled 
via 
C_BASE_SEG[2:0]=010 
and G_SMRAME=1 
of the SMRAMC 
register, the MTXC reserves 
OOOAOOOOhthrough 
OOOBFFFFh (A and B segments) 
of the main memory 
for use as Noncacheable 
SMRAM. 
CPU accesses 
to 
segments 
A and B while not in SMM (i.e., SMIACT# 
is negated) 
are always 
forwarded 
to the PCI bus. CPU 


accesses 
to segments 
A and B while in SMM (i.e., SMIACT# 
is asserted) 
are forwarded 
to either DRAM or PCI 


bus, depending 
on the value of bits[6:0] of the SMRAMC 
register. PCI masters cannot access the SMRAM 
area 
of the main memory. When a PCI master tries to access the SMRAM space, the MTXC does not respond to the 
PCI cycle (i.e., DEVSEL# 
is not asserted). 


4.5.2. 
EXTENDED 
SMRAM 
(E_SMRAM) 


This feature 
in the MTXC extends 
the SMRAM 
space up to 1 Mbytes and provide 
writeback 
cacheability. 
This 
feature 
requires 
that SMI handlers 
execute 
above 
1 Mbytes 
which 
will require 
rewriting 
the existing 
code to 
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The two areas of memory available for SMRAM when Extended 
SMRAM 
is enabled are: 


Physical 
Address 
DRAM Address 


100AOOOOhto 100FFFFFh 
OOOAOOOOhto OOOFFFFFh 
(High Mem) 


10000000h 
plus TOM minus TSEG_SZ 
TOM minus TSEG_SZ 
to TOM 
(TSEG) 
to 


10000000h 
plus TOM 


Extended SMRAM option has the following 
DRAM memory available to it: 


Table 19. Extended 
SMRAM 
DRAM memory 
regions 


DRAM Area 
Size/Availability 


A Segment 
64 Kbytes always available 
if enabled (i.e., H_SMRAM=1 
and G_SMRAME=1) 


B Segment 
64 Kbytes always available 
if enabled (i.e., H_SMRAM=1 
and G_SMRAME=1) 


C Segment 
64 Kbytes available 
if not used for shadowing 
(as defined by PAM register) and 
enabled (i.e., H_SMRAM=1 
and G_SMRAME=1) 


D Segment 
64 Kbytes available 
if not used for shadowing 
(as defined by PAM register) and 
enabled (i.e., H_SMRAM=1 
and G_SMRAME=1) 


E Segment 
64 Kbytes available 
if not used for shadowing 
(as defined by PAM register) and 
enabled (i.e., H_SMRAM=1 
and G_SMRAME=1) 


F Segment 
64 Kbytes only available 
for suspend/resume 
(as defined by PAM register) if enabled 
(i.e., H_SMRAM=1 
and G_SMRAME=1) 


TSEG 
128K, 256K, 512K or 1M bytes available 
if enabled (i.e., TSEG_EN=1 
and 
G_SMRAME=1) 
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As with the 
Compatible 
SMRAM 
solution, 
MTXC 
does 
not claim 
any bus 
master 
access 
to the 
Extended 
SMRAM 
memory 
ranges 
defined 
above. 
The CPU can access 
these 
memory 
ranges 
by one of the following 
mechanisms: 


• 
The processor 
generating 
an access to one of the defined 
memory 
ranges while in the SMM (SMIACT# 
is 


active). A processor 
access to any of the defined 
ranges while not in SMM (SMIACT# 
is inactive) 
and with 
the D_OPN bit reset will be forwarded 
to PCI bus and a status bit is set in the SMRAMC 
register. 


• 
The processor 
generating 
an access to one of the defined memory 
ranges while the D_OPN bit is set. 


• 
Any modified 
write access 
of the processor 
is anowed 
to write into the SMRAM 
space, 
regardless 
of the 
state of the D_OPN, 
D_CLS, or SMIACT# 
signals. 


The cacheability 
of SMRAM 
space is dependent 
on how much physical 
DRAM is available 
in the system. 
If the 
system has less than 32 Mbytes of DRAM, the SMRAM 
is cached in both the L1 and L2. If the system has more 
than 32 Mbytes of DRAM, the SMRAM 
is cached in only the L1. 


4.5.3. 
SMRAM 
PROGRAMMING 
CONSIDERATIONS 


When 
using the Extended 
SMRAM 
configuration, 
the SMI handler 
software 
must be extremely 
careful 
when 
accessing 
DRAM 
memory 
in the 
100AOOOOh to 100FFFFFh 
memory 
range. 
First, if this area 
of memory 
is 


accessed 
while the CPU is not in SMM mode and the D_OPN 
bit is not set, the MTXC will forward the cycle to 
PCI bus. which may cause a fatal system error and system shutdown. 
Second, only areas within the 100AOOOOh 
to 100FFFFFh 
region that have been selected 
as SMRAM 
space should be accessed; 
otherwise, 
the L1 and L2 


caches will become incoherent, 
which will cause a future system error. Any memory in normal DRAM space that 
is not used in OS or application 
space can be used as SMRAM 
memory. 


4.6. 
Low Power States 


MTXC 
supports 
five types 
of low power states: 
Chip Standby, 
Power 
On Suspend 
(POS), 
Suspend 
to RAM 
(STR) , Suspend 
to Disk (STD), and dynamic 
stop clock. The Table 20 summarizes 
the various 
MTXC's 
Low 


power states. 


Table 20. 430TX Low Power 
State Summary 


PM Mode 
Description 
Exit Latency 
Target 


Chip Standby 
When MTXC's CPU and PCI busses are both idle, MTXC 
No delay 
enters this state. 


Dynamic 
Stop Clock 
MTXC provides provisions 
that enable transitioning 
the CPU in 
<10 ms 
and out of the stop clock state in an active system. This 
includes the ability to disable the system arbiter and transition 
the memory controller in and out of the suspend 
refresh state. 


Powered On 
System 
PLLs are powered down, only running clock is the RTC 
<10 ms 
Suspend 
(POS) 
clock and the SUSCLK. 
MTXC maintains 
DRAM refresh using 
SUSCLK. 


Suspend to RAM 
CPU complex 
(CPU and L2) and PCI interface are powered off. 
-1 sec 
(STR) 
Only the RTC clock and SUSCLK are running. MTXC maintains 
DRAM refresh using SUSCLK. 


Suspend to 
CPU complex 
(CPU and L2), DRAM and PCI interface are 
-30 sec 
Disk(STD) 
powered off. 
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The 430TX 
system 
maintains 
a very low power 
CPU complex 
by utilizing 
the different 
power 
down features 
available 
from the CPU, cache data RAMs and utilizing leading edge low power design techniques 
in the 430TX 
system components. 
The 430TX components 
work in unison to dynamically 
control 
the CPU complexes 
power 
state without 
adversely 
affecting 
performance. 
The following 
gives a brief description 
of how the 430TX system 
components 
achieve these low power states. 


The MTXC 
and PIIX4 work in unison to maintain 
a very low power 
l2 
subsystem 
without 
adversely 
affecting 
peak performance. 


NOT€ 


There 
are some 
system 
restrictions 
when 
DRAM 
Cache 
is implemented 
in a system 
that 
supports 
STP _ClK, 
POS, 
and 
STR 
power 
management 
modes. 
Since 
KRQAK 
is 
not 
implemented 
in the 


"Suspend 
Well," the correct 
operation 
of KRQAK 
is not guaranteed 
when the system 
enters the above 
mentioned 
power 
management 
modes. 
To 
avoid 
data 
corruption 
in the 
L2 
cache, 
a system 
that 
implements 
the STP _ClK, 
POS, and STR modes must abide by the following 
rules: 


1. Before 
entering 
these 
power 
management 
modes, 
the 
DRAM 
cache 
must 
be flushed 
so that 
all 
modified lines end up in system memory. 


2. After exiting these power management 
modes, the DRAM Cache must be reinitialized. 


4.6.1. 
CHIP STANDBY 


The MTXC also supports 
a chip standby mode. When the MTXC determines 
that both its CPU interface and PCI 
interface 
are idle, it will dynamically 
place itself into a very low power 
state. 
While 
in chip standby 
state the 
MTXC is able to respond to new CPU or PCI bus master accesses 
with no performance 
penalty. This provides 
very optimized 
power/performance 
characteristics 
because 
the CPU interface 
are idle for large periods of time. 


The MTXC enters Chip Standby mode when the following 
conditions 
are true: 


• 
Host Bus idle 


• 
PCI bus Idle 


• 
Normal Mode (Le., not Test Mode) 


• 
Not in RESET state 


• 
Internal operations 
idle 


Entering the Chip Standby 
state is not dependent 
on any timer expiration. 
When the above conditions 
are met, 


the MTXC can enter the chip standby state as soon as it can. 


4.6.2. 
SUSPENDIRESUME 


The MTXC supports 
POS, STR, STD and SOFF (Soft Off) suspend 
states. The MTXC supports 
the POS mode 
by maintaining 
all of its power 
planes 
when 
in the suspend 
state. 
The 
MTXC 
supports 
the STR modes 
by 
isolating 
its CPU and PCI interfaces, 
and only maintaining 
the DRAM 
refresh 
off the SUSClK 
signal. 
When 
exiting the STR modes, the MTXC's core well is reset and its context is lost (the power management 
context 
is 
not lost however). 
The MTXC supports the STD and SOFF modes by being totally powered off. 
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Figure 9. MTXC Power Planes 


4.6.2.1. 
Power Transition 
Changes 


The MTXC supports 
several suspend 
modes that support the PIIX4 system suspend 
states. Table 21 illustrates 


what suspend 
mode the MTXC enters upon the appropriate 
PIIX4 suspend 
mode. 


Table 21. Power Transition 
States 


PIIX4 Suspend 
State 
MTXC Suspend 
State 
MTXC Description 


POS 
PonS 
All interfaces 
enabled, clocks stopped. 


STR 
PoffS 
CPU, L2, PCI interfaces 
disabled 


STD 
Off 
Chip is off. 


Off/Soft Off 
Off 
Chip is off. 


The 
core 
logic 
should 
be reset when 
the 
PCI bus is reset. 
This 
means 
that 
the 
refresh 
logic 
and 
power 


sequencing 
logic is not reset during resumes (part of the resume well). 
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4.7. 
PCI Interface 


The 
MTXC 
integrates 
a high 
performance 
interface 
to the 
PCI local 
bus taking 
full advantage 
of the 
high 
bandwidth 
and low latency of PCI. The MTXC is fully PCI 2.1 compliant. 
Table 22 lists the PCI bus commands 
supported. 
Five PCI masters 
are supported 
by the integrated 
arbiter 
including 
the PIIX4 and four general 
PCI 
masters. 
The MTXC acts as a PCI master 
for CPU accesses 
to PCI. The PCI bus is clocked 
at one half the 
frequency 
of the CPU clock. This divided 
synchronous 
interface 
minimizes 
latency for CPU-to-PCI 
cycles and 
PCl-to-main 
memory cycles. 


The MTXC 
integrates 
posted 
write 
buffers 
for CPU memory 
writes 
to PCI. Back-to-back 
sequential 
memory 
writes 
to PCI are converted 
to burst writes 
on PCI. This feature 
allows 
the CPU to continue 
posting 
DWord 
writes 
at the 
maximum 
bandwidth 
for the 
Pentium 
processor 
for the 
highest 
possible 
transfer 
rates to the 
graphics frame buffer. 


Read prefetch 
and write 
posting 
buffers 
in the MTXC 
enable 
PCI masters 
to access 
main memory 
at up to 
120 MB/sec. 
The MTXC incorporates 
a snoop ahead feature 
that allows 
PCI masters 
to continue 
bursting 
on 
both reads and writes even as the bursts cross cache line boundaries. 
' 


The MTXC forwards 
each of the CPU shutdown, 
Halt, and Stop Grant cycles to the PCI bus as special cycles. 


These cycles are terminated 
on PCI as master abort and a BRDY# is returned to the CPU. The Stop Grant cycle 
is propagated 
with 0002h in the message field and 0012h in the message 
dependent 
data field. 


Table 22. PCI Commands 


C/BE# 
Command 
Target 
Support 
Initiator 
Support 


0000 
Interrupt Acknowledge 
NO 
YES 


0001 
Special cycle 
NO 
YES 


0010 
1/0 read 
YES 
YES 


0011 
1/0 write 
YES 
YES 


0100 
reserved 
NO 
NO 
'. 


0101 
reserved 
NO 
NO 


0110 
Memory read 
YES 
YES 


0111 
Memory write 
YES 
YES 


1000 
reserved 
I 
, 
NO 
NO 


1001 
reserved 
NO 
NO 


1010 
Configuration 
Read 
NO 
YES 


1011 
Configuration 
Write 
NO 
YES 


1100 
Memory Read Multiple 
As Memory 
Read 
NO 


1101 
Dual Address 
Cycle 
NO 
NO 


1110 
Memory Read Line 
As Memory Read 
NO 


1111 
Memory Write and Invalidate 
As Memory Write 
NO 
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4.8. 
System Arbitration 


The MTXC's 
PCI Bus Arbiter 
allows 
PCI peer-to-peer 
traffic concurrent 
with CPU main memory/second 
level 
cache cycles. The arbiter supports 
five PCI masters. 
REQ[3:0]#/GNT[3:0]# 
are used by PCI masters other than 
the PCHo-ISA 
expansion 
bridge (PIIX4). PHLD#/PHLDA# 
are the arbitration 
requesVgrant 
signals for the PIIX4 


and 
provide 
guaranteed 
access 
time 
capability 
for 
ISA 
masters. 
PHLD#/PHLDA# 
also 
optimize 
system 


performance 
based on the PIIX4 known policies. 


PHLD# 


REOO# 


REQ1# 


REQ2# 


REQ3# 


Arbiter 


PHLDA# 


GNTO# 


GNT1# 
GNT2# 


GNT3# 


Figure 10. PCI Arbiter 


4.8.1. 
PRIORITY 
SCHEME 
AND BUS GRANT 


The 
highest 
priority 
requester 
is determined 
by a fixed 
order 
queue 
together 
with a highest 
priority 
pointer. 


Although 
the priority ring is fixed, the highest priority pointer moves to determine 
which 
PCI agent is at the top 
(and bottom) 
of the queue. The arbiter 
counts three grant assertions 
to requesters 
different 
than the one it is 


currently granting (and all grants within MTT are collapsed 
to one) to decide when it's time to let the host in. 


The grant signals (GNTx#) are normally negated after recognition 
of FRAME# assertion, 
or 16 PCLKs from grant 


assertion, 
if no cycle has started. 
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CPU/PCI 
Priority 
Queue 
PCI 
Priority 
Queue 


NOTES: 


1. 
In the PCI Priority Queue, 
the last agent granted 
is always dropped 
to the bottom 
01 the queue lor the next arbitration 


cycle, 
but the order 01 the chain is always 
preserved. 


2. 
In the PCI Priority Queue, 
il PHLD is at the bottom 01 the queue, the upper PHLD slot is masked. 
This prevents 
back-to- 
back PHLD grants, 
il other PCI request 
are pending. 


3. 
In the CPU/PCI 
priority 
Queue, 
the CPU is granted 
high priority 
status after 3 consecutive 
PCI grants. 
If three consecutive 


PCI grants 
have not been counted 
down, then the CPU can be granted 
the bus as the low priority 
agent. 


Figure 11. Arbitration 
Priority Rotation 
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Multi-Transaction 
Timer (MTT) 


The priority chain algorithm 
has been enhanced 
by the Multi-Transaction 
Timer (MTT) mechanism. 
Once a PCI 


agent is granted, 
the MTT is started. This timer then counts down in PCI clocks from its preset value to zero. 


Until 
the 
timer 
expires, 
that 
agent 
will 
be promoted 
to 
being 
the 
highest 
priority 
PCI 
agent 
for the 
next 


grant event. 


4.8.2. 
CPU POLICIES 


The CPU never explicitly 
requests the bus. Instead, the arbiter grants the bus to the CPU when: 


• 
The CPU is the highest priority 


• 
PCI agents do not require main memory 
(peer-to-peer 
transfers 
or bus idle) and the PCI bus is not currently 
locked by a PCI master 


When the CPU is granted as highest priority, the MLT timer is used to guarantee 
a minimum 
amount 
of system 


resources 
to the CPU before another requesting 
PCI agent is granted. 


5.0. 
CLOCKS AND RESET 


5.1. 
Clock Generation and distribution 


! 


The 
MTXC 
and CPU 
should 
be clocked 
from 
one 
clock 
driver 
output 
to minimize 
skew 
between'the 
CPU \ 


&MTXC. 


5.2. 
RESET Sequencing 


The MTXC is asynchronously 
reset when the RST# signal is asserted, 


The 
MTXC 
arbiter 
includes 
support 
for PCI central 
resource 
functions, 
These 
functions 
include 
driving 
the 
AD[31 :0),C/BE[3:0)#, 
and the PAR signals 
when no one is granted 
the PCI bus and the PCI bus is idle. The 
MTXC drives O's on these signals during these times, plus during RESET. 
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6.0. 
PINOUT 
INFORMATION 


- 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


I... 


• 
• • 
• 
• 
• 
• .. • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
A 


H063 
A03' 
AD29 
A027 
CIlC3I 
A02' 
AD" 
CIlE2' 
AD1. 
ADll 
AD8 
A06 
AD' 
AD' 
AOO 
PAR 
MD29 
M060 
M027 
MOO 


• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
B 
H062 
AInl 
A028 
A026 
A023 
A020 
AD'7 
CIlClI 
AD13 
AC10 
CIlCOI 
A05 
A02 
MOO' 
MD'. 
1.4013 
M06' 
1.4012 
M05' 
M058 


• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • 
• 
• 
• 
C 
HO," 
H060 
H06' 
A025 
AOZI 
ADt9 
AD16 
ADtS 
AD12 
A09 
A07 
A04 
ClK· 
M047 
M063 
M045 
M028 
M062 
f,(J,O 
M042 


RUN. 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • 
• 
• 
• 
0 
H055 
H058 
H057 
MOl 
MD- 
A02. 
REOOI 
GNTOI 
REal. 
GNT1I 
REQ2. 
GNT2' 
REal. 
GNT3I 
M046 
M030 
M04. 
M026 
M057 
MOO! 
A. 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 


E 
H052 
H054 
H056 
H063 
LOCKI 
FRA· 
IROYl 
TROY. 
oev 
PClK· 
STOP' 
VCC 
M015 
VCCs. 
VSS 
MOO 
M025 
M04, 
M02' 
M058 
ME' 
SEl' 
IN 
REF 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 


F 
H048 
H047 
H05' 
H050 
VCC 
VCC(CPU) 


\ 
VCC 
VCC 
M048 
M033 
M08 
f,(J40 
1.4019 


• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 


G 
H045 
H04' 
HOO 
H043 
~K'; 
VCC(Cpu) 
MOOS 
M032 
MOIS 
f,(J36 
M050 


• 
• • 
• 
• 
• 
• 
• 
• 
• 


H 
H039 
H040 
H046 
H044 
MI1O. 
r- 
MD16 
MOO 
M04 
M05 
1.4017 


• 
• 
• 
• 
• 
• 
• 
• 
• 
• • 
• 
• 
• 
J 
H037 
H036 
H042 
H039 
CACHE. 
VSS 
VSS 
VSS 
VSS 
MO' 
M02 
M052 
f,(J55 
MOZl 


• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 


K 
H034 
BEO. 
BE" 
BE2I 
KEN' 
VSS 
VSS 
VSS 
VSS 
HCl· 
f,(J34 
M039 
M07 
M054 
KIN 
• 
• 
• 
• 
• 
: 
• 
• 
• 
• 
• 
• 
• 
• 
• 
L 
BEl. 
BE" 
BEst 
BEU 
AHOLO 
.. 
VSS 
VSS 
VSS 
VSS 
VCC 
MOO 
M007 
f,(J39 
M06 


• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
lA 
BE7' 
HOO' 
H032 
HOOS 
BRay. 
VSS 
VSS 
VSS 
VSS 
RAS5W 
M063 
SCAS. 
f,(J20 
MOZI 
CSSllMA13 
BI 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 


N 
H027 
H030 
HD29 
HOO' 
NA. 
VCC· 
RAS3I1 
SRAS. 
M02' 
M05' 
SUS 
CS3' 
AI 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
P 
H023 
H026 
H025 
H028 
Ba'F' 
r- 
VCC 
VCC- 
CAS6. 
RAS,W 
SCAS· 
SRAS· 
SUS 
00M6I 
CS1l 
A. 
BI 


I 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
A 
H07 
H02' 
HOl9 
H024 
EAOSl 
VCC 
VCC 
VCC 
VCC- 
RAS2W 
MWE. 
SUS 
f,(Jll 


• 


(cPU) 
(cPU) 
sus 
CS2• 
SlAn. 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
T 


HOl2 
HOl7 
HOZI 
H020 
ADS! 
VSS 
OIC. 
HITM, 
WIR. 
'#t" 
M 
TIO' 
VCC 
MA' 
RSH 
VSS 
CAS3W 
CAS7I1 
CAS4W 
SUS· 
n 
OOMJl 
OQM7. 
OOM4' 
ClK 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
U 
HD8 
HOIS 
HO,. 
H016 
A2<J 
A16 
A'2 
AS 
A2' 
A22 
A29 
CADS! 
TI06 
TiOO 
MA. 
MA'O 
MA. 
CASOfI 
csss•. 
CKE! 


OCMOI 
OCM5. 
MAAO 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
V 
H06 
HOtS 
HOIO 
HOl3 
A19 
A14 
A' 
M 
A2' 
A26 
Al 
COE. 
GWE. 
TI02 
MAO 
MA' 
KRaAKI 
MWE· 
RAS411 
CAS2W 
CS4_&4I 
BI 
CSUn:!Al 
00M2f 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
W 
HO' 
H05 
H09 
HDl1 
A18 
A'S 
An 
Al' 
A25 
A2' 
A30 
CAOV. 
CCS. 
TI07 
TI04 
CKEW 
TEST. 
MAO 
MAO 
CAS'W 


MAA' 
OCM1I 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • 
• 
• 
• 
y 
HOO 
H02 
HO' 
HOO 
A'7 
A13 
A'O 
A7 
A27 
A28 
A4 
BWE. 
lWEt 
TIO' 
TI05 
MAS 
MA2 
MA7 
MA'" 
RASOW 
" 


BAO 
CSOI 


mtxc...,pin 


Figure 12. MTXC Pinout (Top View) 
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Table 23. MTXC Alphabetical 
Pin List 


Pin 
Ball 


A10 
V07 


A11 
W07 


A12 
U07 


A13 
V06 


A14 
V06 


A15 
W06 


A16 
U06 


A17 
V05 


A18 
W05 


A19 
V05 


A20 
U05 


A21 
V09 


A22 
U10 


A23 
U09 


A24 
W10 


A25 
W09 


A26 
V10 


A27 
V09 


A28 
V10 
. 


A29 
U11 


A3 
V11 


A30 
W11 


A31 
W08 


A4 
V11 


A5 
U08 


A6 
T11 


A7 
V08 


A8 
V08 


A9 
V07 
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Table 23. MTXC Alphabetical 
Pin List 


Pin 
Ball 


ADO 
A15 


AD1 
A14 


AD10 
B10 


AD11 
A10 


AD12 
C09 


AD13 
B09 


AD14 
A09 


AD15 
C08 


AD16 
C07 


AD17 
B07 


AD18 
A07 


AD19 
C06 


AD2 
B13 


AD20 
B06 


AD21 
A06 


AD22 
C05 


AD23 
B05 


AD24 
D06 


AD25 
C04 


AD26 
B04 


AD27 
A04 


AD28 
B03 


AD29 
A03 


AD3 
A13 


AD30 
B02 


AD31 
A02 


AD4 
C12 


AD5 
B12 


AD6 
A12 
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Table 23. MTXC Alphabetical 
Pin List 


Pin 
Ball 


AD7 
C11 


AD8 
A11 


AD9 
C10 


ADS# 
T05 


AHOLD 
L05 


BEO# 
K02 


BE1# 
K03 


BE2# 
K04 


BE3# 
L01 


BE4# 
L02 


BE5# 
L03 


BE6# 
L04 


BE7# 
.• 


M01 


BOFF# 
P05 


BRDV# 
M05 


BWE# 
V12 


C/BEO# 
B11 


C/BE1# 
B08 


C/BE2# 
A08 


C/BE3# 
A05 


CACHE# 
J05 


CADS# 
U12 


CADV# 
W12 


CASO#/DOMO# 
U18 


CAS1#/DOM1# 
W20 


CAS2#/DOM2# 
V20 


CAS3#/DOM3# 
T17 


CAS4#/DOM4# 
T19 


CAS5#/DOM5# 
U19 
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Table 23. MTXC Alphabetical 
Pin List 


Pin 
Ball 


CAS6#/DOM6# 
P17 


CAS7#/DOM7# 
T18 


CCS# 
W13 


CKElMAAO 
U20 


CKEB/MAA1 
W16 


CLKRUN# 
C13 


COE# 
V12 


D/C# 
T07 


DEVSEL# 
E09 


EADS# 
R05 


FRAME# 
E06 


GNTO# 
D08 


• 
GNT1# 
D10 


GNT2# 
D12 


GNT3# 
D14 


GWE# 
V13 


HCLKIN 
K16 


HDO 
Y01 


HD1 
Y03 


HD10 
V03 


HD11 
W04 


HD12 
T01 


HD13 
V04 


HD14 
U03 


HD15 
V02 


HD16 
U04 


HD17 
T02 


HD18 
U02 


HD19 
R03 


Table 23. MTXC Alphabetical 
Pin List 


Pin 
Ball 


HD2 
Y02 


HD20 
T04 


HD21 
R02 


HD22 
T03 


HD23 
P01 


HD24 
R04 


HD25 
P03 


HD26 
P02 


HD27 
N01 


HD28 
P04 


HD29 
N03 


HD3 
Y04 


HD30 
N02 


HD31 
N04 


HD32 
M03 


HD33 
M02 


HD34 
K01 


HD35 
M04 


HD36 
J02 


HD37 
J01 


HD38 
J04 


HD39 
H01 


HD4 
W01 


HD40 
H02 


HD41 
G02 


HD42 
J03 


HD43 
G04 


HD44 
H04 


HD45 
G01 
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Table 23. MTXC Alphabetical 


Pin List 


Pin 
Ball 


HD46 
H03 


HD47 
F02 


HD48 
F01 


HD49 
G03 


HD5 
W02 


HD50 
F04 


HD51 
F03 


HD52 
E01 


HD53 
E04 


HD54 
E02 


HD55 
D01 


HD56 
E03 


HD57 
D03 


HD58 
D02 


HD59 
C01 


HD6 
V01 


HD60 
CO2 


HD61 
C03 


HD62 
B01 


HD63 
A01 


HD7 
R01 


HD8 
U01 


HD9 
W03 


HITM# 
T08 


HLOCK# 
G05 


IRDY# 
E07 


KEN# 
K05 


KROAKI 
V17 
CS4_64# 


LOCK# 
E05 
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Table 23. MTXC Alphabetical 
Pin List 


Pin 
Ball 


M/iO# 
H05 


MAO 
V15 


MA1 
V16 


MA10 
U16 


MA11IBAO 
Y19 


MA2 
Y17 


MA3 
T14 


MA4 
U15 


MA5 
Y16 


MA6 
W18 


MA7 
Y18 


MA8 
W19 


MA9 
U17 


MDO 
H17 


MD1 
J16 


MD10 
C19 


MD11 
R20 


MD12 
818 


MD13 
816 


MD14 
815 


MD15 
E13 


MD16 
H16 


MD17 
H2O 


MD18 
G18 


MD19 
F20 


MD2 
J17 


MD20 
M19 


MD21 
N19 


MD22 
M20 
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Table 23. MTXC Alphabetical 
Pin List 


Pin 
Ball 


MD23 
J20 


MD24 
E19 


MD25 
E17 


MD26 
D18 


MD27 
A19 


MD28 
C17 


MD29 
A17 


MD3 
L17 


MD30 
D16 


MD31 
814 


MD32 
G17 


MD33 
F17 


MD34 
K17 


MD35 
G16 


MD36 
G19 


MD37 
L18 


MD38 
L19 


MD39 
K18 


MD4 
H18 


MD40 
F19 


MD41 
E18 


MD42 
C20 


MD43 
A20 


MD44 
D17 


MD45 
C16 


MD46 
D15 


, MD47 
C14 


MD48 
F16 


MD49 
E16 
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Table 23. MTXC Alphabetical 


Pin List 


Pin 
Ball 


MD5 
H19 


MD50 
G20 


MD51 
N20 


MD52 
J18 


MD53 
M17 


MD54 
K20 


MD55 
J19 


MD56 
E20 


MD57 
D19 


MD58 
820 


MD59 
819 


MD6 
L20 


MD60 
A18 


MD61 
817 


MD62 
C18 


MD63 
C15 


MD7 
K19 


MD8 
F18 


MD9 
D20 


MWE# 
R18 


MWE8# 
V18 


NA# 
N05 


PAR 
A16 


PCLKIN 
E10 


PHLD# 
D04 


PHLDA# 
D05 


RASO#/CSO# 
Y20 


RAS1#/CS1# 
P18 


RAS2#/CS2/# 
R17 
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Table 23. MTXC Alphabetical 
Pin List 


Pin 
Ball 


RAS3#/CS3# 
N17 


RAS4#/CS4#/ 
V19 
BA1 


RAS5#/CS5#/ 
M16 
MA13 


REQO# 
007 


REQ1# 
009 


REQ2# 
011 


REQ3# 
013 


RST# 
T15 


SCASA# 
P19 


SCASB# 
M18 


SMIACT# 
T10 


SRASA# 
N18 


SRASB# 
P20 


STOP# 
E11 


SUSCLK 
T20 


SUSSTAT1# 
R19 


Table 23. MTXC Alphabetical 
Pin List 


Pin 
Ball 


TEST# 
W17 


TIOO 
U14 


TI01 
Y14 


TI02 
V14 


TI03 
T12 


TI04 
W15 


TI05 
Y15 


TI06 
U13 


TI07 
W14 


TROY# 
E08 


TWE# 
Y13 


W/R# 
T09 


Vcc 
F05, L16, 
R15, F15, 
E12, P15, 
F14, T13 
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Table 23. MTXC Alphabetical 


Pin List 


Pin 
Ball 


Vcc (CPU) 
F06, G06, 
R07,R06 


Vcc (SUS) 
R16, N16, 
P16 


Vcc5REF 
E14 


Vss 
E15,J9,J10 


- 
J11, J12, 
K09, K10, 
K11, K12, 
L09, L10, 
L11, L12, 
M09, M10, 
M11, M12, 
T06, T16 
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7.0. 
MTXC PACKAGE INFORMATION 


This specification outlines the mechanical dimensions for the MTXC. The package is a 324 pin ball grid 
array (BGA). 


TOP VIEW 
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Pin #1 1.0 


Figure 13. MTXC 324-pln Ball Grid Array (BGA) 
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Figure 14. MTXC 324-pln 
Ball Grid Array (BGA) Ball Pattern 
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Table 24. MTXC 324-pln 
Ball Grid Array 
(BGA) 


Symbol 
e=1.27 (solder 
ball pitch) 


Min' 
Nominal' 
Max' 


A 
1.95 
2.13 
2.28 


.' 


A1 
0.50 
0.60 
I 
0.70 


A2 
1.12 
1.17 


1 


1.22 
1 


D 
26.80 
27.00 
27.20 


D1 
24.00 
24.70 


E 
26.80 
27.00 
27.20 


E1 
24.00 
24.70 


I 
1.44 REF. 
r, 


J 
1.44 REF. 


M2 
20 (Depopulated) 
J 


N3 
324 


b 
0.60 
0.76 
0.90 


c 
0.32 
0.36 
0.40 


f 
8.05 REF. 


Remark 
2 Layer 


NOTES: 


1. 
All dimensions 
are in millimeters. 


2. 
'M' represents 
the maximum 
solder ball matrix size. 


3. 
'N' represents the maximum 
allowable 
number of solder balls. 
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8.0. 
TESTABILITY 


8.1. 
NAND Tree Mode 


A NAND tree mode is provided for Automated 
Test Equipment 
(ATE) board level testing. The NAND tree allows 
the tester to set the connectivity 
of each of the MTXC's 
signal 
pins. In Mobile/desktop 
mode, the NAND tree 
mode is activated 
by driving the test pin TEST# 
low when REQx# pins are at 0010. If TEST# 
is negated 
at any 


time, the test mode is deactivated 
and the MTXC 
goes back to normal 
operation. 
There 
is no guarantee 
that 


upon re-entering 
normal operation 
the chip will function 
properly, 
if the test mode was entered 
while tbe MTXC 


was not in a completely 
idle state. 


The MTXC has several test modes to improve board manufacturing. 
If the TEST# signal is asserted 
(driven low), 


the value on the REQ[3:0]# 
indicates 
the test mode to enable. 
The test mode enabled 
at the falling 
edge of 
TEST# will remain enabled until TEST# is negated. 


Table 25 shows each test mode and the value of REQ#[3:0] 
required to enable it. All other values of REQ[3:0]# 


while TEST# is active, are reserved and should not be asserted 
by the customer. 


Table 25. Test Modes 


REQ[3:0]# 
TEST# 
PHLD# 
TEST Mode 
Description 


0010 
0 
x 
NAND Chain 
Float outputs, enable NAND chains on GNT[3:0]# 


1110 
0 
1 
ID/REV code 
Drives Device ID on AD[31:16] 
and revision 
ID on 
AD[7:0] 


1110 
0 
0 
MID Code 
Drives Manufacture 
ID on AD[31 :0] 


1111 
0 
x 
Disable test 
Disables any active test mode, puts MTXC back into 
mode' 
normal mode 


NOTES: 


1. 
It is recommended 
to assert RST# if this mode is used, to guarantee 
pins and PClset will function 
normally. 


8.2. 
NAND Chain Mode 


In NAND Tree mode, all outputs are tri-stated, 
except for GNT#[3:0]. 
These pins contain the NAND Chain. Note, 


also, that the intemal pull-ups and pull-downs 
are still active. Because of the 282 pins in the NAND Chain, it must 


be separated 
into 4 chains. Two chains contain 72 pins each, 1 chain contains 
70 pins, and 1 chain contains 
68 
pins. The MTXC remains 
in this mode until a new test mode is selected 
or RST# is asserted. 
The HCLK and 


PCLK are part of the NAND Chain and must be deactivated 
during this test. 
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HCLK and PCLK need to run for a few clocks in the beginning 
to put the MTXC in the NAND chain mode. During 


the testing of chains 2 and 3, SUSSTAT# 
will be held high throughout 
the test. RST#, TEST#, and SUSSTAT1# 


are not part of the NAND chain. The following 
tables show the pin order for each chain: 


Table 26. Chain #0 (GNT#O) 


Pin Name 
Chain Element 


A25 
CH 0_00 


A7 
CHO_01 


A10 
CHO_02 


A21 
CHO_03 


A23 
CHO_04 


SMIACT# 
CHO_05 


A31 
CHO_06 


A18 
CHO_07 


HD3 
CHO_08 


A12 
CHO_09 


A14 
CHO_lO 


HD11 
CHO_11 


A19 
CHO_12 


A16 
CHO_13 


HITM# 
CHO_14 


HD13 
CHO_15 


D/C# 
CHO_16 


HDO 
CHO_17 


HD10 
CHO_18 


HD16 
CHO_19 


HD6 
CHO_20 


HD14 
CHO_21 


BOFF# 
CH 0_22 


HD18 
CHO_23 
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Table 26. Chain #0 (GNT#O) 


Pin Name 
Chain Element 


HD24 
CHO_24 


HD8 
CHO_25 


HD19 
CH 0_26 


HD7 
CH 0_27 


HD31 
CHO_28 


HD26 
CHO_29 


HD27· 
CHO_30 


HD33 
CHO_31 


AHOLD 
CHO_32 


BE5# 
CHO_33 


BE6# 
CHO_34 


HD34 
CHO_35 


BE2# 
CHO_36 


BEO# 
CHO_37 


HD37 
CHO_38 


BE1# 
CHO_39 


HD36 
CHO_40 


HD41 
CHO_41 


HD52 
CHO_42 


CACHE# 
CHO_43 


HD47 
CHO_44 


HD44 
CHO_45 


HD49 
CHO_46 


HD54 
CHO_47 
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Table 26. Chain #0 (GNT#O) 


Pin Name 
Chain Element 


HD55 
CHO_48 


HD57 
CHO_49 


HLOCK# 
CHO_50 


HD53 
CHO_51 


HD60 
CHO_52 


HD62 
CHO_53 


HD61 
CHO_54 


AD30 
CHO_55 


AD25 
CHO_56 


AD22 
CHO_57 


AD24 
CHO_58 


AD27 
CHO_59 


AD19 
CHO_60 


C/BE3# 
CHO_61 


REQO# 
CHO_62 


AD20 
CHO_63 


AD21 
CHO_64 


TRDY# 
CHO_65 


AD16 
CHO_66 


C/BE2# 
CHO_67 


C/BE1# 
CHO_68 


AD14 
CHO_69 


AD12 
CHOJO 


AD13 
CHO_71 
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Table 27. Chain #1 (GNT#1) 


Pin Name 
Chain Element 


A24 
CH1_00 


A27 
CH1_01 


A26 
CH1_02 


A13 
CH1_03 


A8 
CH1_04 


W/R# 
CH1_05 


A11 
CH1_06 


A17 
CH1_07 


A15 
CH1_08 


A5 
CH1_09 


A9 
CH1_10 


HD1 
CH1_11 


HD9 
CH1_12 


A20 
CH1_13 


HD2 
CH1_14 


HD5 
CH1_15 


HD4 
CH1_16 


ADS# 
CH1_17 


HD15 
CH1_18 


EADS# 
CH1_19 


HD20 
CH1_20 


HD17 
CH1_21 


HD22 
CH1_22 


HD12 
CH1_23 


Table 27. Chain #1 (GNT#1) 


Pin Name 
Chain Element 


HD28 
CH1_24 


HD21 
CH1_25 


NA# 
CH1_26 


HD25 
CH1_27 


BRDY# 
CH1_28 


HD23 
CH1_29 


HD35 
CH1_30 


HD29 
CH1_31 


HD30 
CH1_32 


BE7# 
CH1_33 


HD32 
CH1_34 


BE3# 
CH1_35 


BE4# 
CH1_36 


HD39 
CH1_37 


HD45 
CH1_38 


HD42 
CH1_39 


HD38 
CH1_40 


HD40 
CH1_41 


HD48 
CH1_42 


KEN# 
CH1_43 


HD46 
CH1_44 


HD43 
CH1_45 


HD51 
CH1_46 


HD58 
CH1_47 
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Table 27. Chain #1 (GNT#1) 


Pin Name 
Chain Element 


HD56 
CH1_48 


HD50 
CH1_49 


M/IO# 
CH1_50 


HD59 
CH1_51 


HD63 
CH1_52 


PHLD# 
CH1_53 


AD31 
CH1_54 


LOCK# 
CH1_55 


AD28 
CH1_56 


FRAME# 
CH1_57 


AD29 
CH1_58 


PHLDA# 
CH1_59 


IRDY# 
CH1_60 


AD26 
CH1_61 


AD23 
C!-l1_62 


AD17 
CH1_63 


DEVSEL# 
CH1_64 


AD18 
CH1_65 


REQ1# 
CH1_66 


AD15 
CH1_67 


PCLKIN 
CH1_68 


AD11 
CH1_69 


AD10 
CH1_70 


AD9 
CH1J1 
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_ Table 28. Chain 
#2 (GNT#2) 


Pin Name 
Chain 
Element 


A28 
CH2_00 


A29 
CH2_01 


A3 
CH2_02 


A30 
CH2_03 


A4 
CH2_04 


COE# 
CH2_05 


BWE# 
CH2_06 


CCS# 
CH2_07 


MA5 
CH2_08 


MA10 
CH2_09 


KRQAKI 
CH2_10 
CS4_64# 


MA7 
CH2_11 


MA11 
CH2_12 


MA6 
CH2_13 


MA9 
CH2_14 


MWEB# 
CH2_15 


RASO# 
CH2_16 


RAS4# 
CH2_17 


RAS2# 
CH2_18 


CAS7# 
CH2_19 


CAS5# 
CH2_20 


CAS6# 
CH2_21 


CKElMAAO 
CH2_22 
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Table 28. Chain 
#2 (GNT#2) 


Pin Name 
Chain 
Element 


CAS4# 
CH2_23 


SUSCLK 
CH2_24 


SRASA 
CH2_25 


MD11 
CH2_26 


MD53 
CH2_27 


SCASB# 
CH2_28 


MD22 
CH2_29 


MD6 
CH2_30 


MD34 
CH2_31 


MD39 
CH2_32 


MD7 
CH2_33 


MD54 
CH2_34 


HCLKIN 
CH2_35 


MD55 
CH2_36 


MD5 
CH2_37 


MD17 
CH2_38 


MD2 
CH2_39 


MD50 
CH2_40 


MD1 
CH2_41 


MOO 
CH2_42 


MD18 
CH2_43 


MD16 
CH2_44 


MD19 
CH2_45 


MD40 
CH2_46 
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Table 28. Chain 
#2 (GNT#2) 


Pin Name 
Chain 
Element 


MD32 
CH2_47 


MD25 
CH2_48 


MD26 
CH2_49 


MD42 
CH2_50 


MD48 
CH2_51 


MD49 
CH2_52 


MD59 
CH2_53 


MD43 
CH2_54 


MD30 
CH2_55 


MD27 
CH2_56 


MD28 
CH2_57 


MD12 
CH2_58 


MD60 
CH2_59 


CLKRUN# 
CH2_60 


ADO 
CH2_61 


AD2 
CH2_62 


STOP# 
CH2_63 


AD4 
CH2_64 


AD3 
CH2_65 


AD5 
CH2_66 


AD7 
CH2_67 


AD6 
CH2_68 


REQ2# 
CH2_69 
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Table 29. Chain 
#3 (GNT#3) 


Pin Name 
Chain 
Element 


A22 
CH3_00 


CADV# 
CH3_01 


A6 
CH3_02 


TWE# 
CH3_03 


GWE# 
CH3_04 


CADS# 
CH3_05 


TI01 
CH3_06 


TI03 
CH3_07 


TI07 
CH3_08 


TI06 
CH3_09 


TI02 
CH3_10 


TI05 
CH3_11 


TI04 
CH3_12 


TIOO 
CH3_13 


MAO 
CH3_14 


MA2 
CH3_15 


MA4 
CH3_16 


CKEBI 
CH3_17 
MAA1 


MA1 
CH3_18 


MA3 
CH3_19 


MA8 
CH3_20 


CAS1# 
CH3_21 


CAS3# 
CH3_22 


Table 29. Chain 
#3 (GNT#3) 


Pin Name 
Chain 
Element 


CASO# 
CH3_23 


CAS2# 
CH3_24 


MWEB# 
CH3_25 


RAS1# 
CH3_26 


RAS3# 
CH3_27 


RAS5# 
CH3_28 


SCASA 
CH3_29 


MD21 
CH3_30 


SRASB# 
CH3_31 


MD51 
CH3_32 


MD20 
CH3_33 


MD37 
CH3_34 


MD38 
CH3_35 


MD3 
CH3_36 


MD52 
CH3_37 


MD23 
CH3_38 


MD4 
CH3_39 


MD36 
CH3_40 


MD56 
CH3_41 


MD8 
CH3_42 


MD9 
CH3_43 


MD33 
CH3_44 


MD24 
CH3_45 
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Table 29. Chain 
#3 (GNT#3) 


Pin Name 
Chain 
Element 


MD41 
CH3_46 


MD57 
CH3_47 


MD35 
CH3_48 


MD58 
CH3_49 


MD10 
CH3_50 


MD44 
CH3_51 


MD62 
CH3_52 


MD15 
CH3_53 


MD46 
CH3_54 


MD45 
CH3_55 


MD61 
CH3_56 


MD63 
CH3_57 


MD29 
CH3_58 


MD13 
CH3_59 


MD47 
CH3_60 


REQ3# 
CH3_61 


MD14 
CH3_62 


PAR 
CH3_63 


MD31 
CH3_64 


AD1 
CH3_65 


C/BEO# 
CH3_66 


AD8 
CH3_67 
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System Controller 
(MTXC) Timing Specification 


82439TX System Controller (MTXC) Features 


• Supports 
Mobile and Desktop 
• Fully Synchronous, 
Minimum 
Latency 


• Supports 
the Pentium® 
Processor 
30/33-MHz PCI Bus Interface 


Family Host Bus at 66 MHz and 60 MHz 
Five PCI Bus Masters 
(including 


at 3.3 V and 2.5 V 
PIIX4) 
10 DWord PCI-to-DRAM 
Read 
• PCI 2.1 Compliant 
Prefetch 
Buffer 


• Integrated 
Data Path 
18 DWord PCI-DRAM Post Buffer 
Multi-Transaction 
Timer to Support 
• Integrated 
DRAM Controller 
Multiple 
Short 
PCI Transactions 
4 Mbytes to 256 Mbytes 
main 
• Power Management 
Features 
memory 
PCI CLKRUN# 
Support 
64-Mbit DRAM/SDRAM 
Technology 
Dynamic 
Stop Clock Support 
Support 
FPM (Fast Page Mode), EDO and 
Suspend 
to RAM (STR) 
Suspend 
to Disk (STD) 
SDRAM DRAM Support 
Power On Suspend 
(POS) 
6 RAS Lines Available 
Integrated 
Programmable 
Strength 
Internal 
Clock 
Control 
SDRAM and EDO Self Refresh 
for DRAM Interface 
During 
Suspend 
- 
CAS-Before-RAS 
Refresh, 
Extended 
Refresh and Self Refresh 
ACPI Support 


for EDO 
Compatible 
SMRAM (C_SMRAM) 


- 
CAS-Before-RAS 
and Self Refresh 
and Extended 
SMRAM (E_SMRAM) 


for SDRAM 
- 
SMM Writeback 
Cacheable 
in 
E_SMRAM Mode up to 1 Mbyte 
• 
Integrated 
L2 Cache Controller 
- 
3.3/5V DRAM, 3.3/5V PCI 3.3/5V Tag 
64-MB DRAM Cacheability 
and 3.3/2.5 SRAM Support 
Direct Mapped Organization-Write 
• Test Features 
Back Only 
- 
NAND Tree Support 
for all Pins 
Supports 
256K and 512K Pipelined 
Burst SRAM and DRAM Cache 
• Supports 
the Universal 
Serial Bus 
SRAM 
(USB) 
Cache Hit ReadlWrite 
Cycle 
• 324-Pin mBGA 430TX PClset Xcelerated 
Timings 
at 3-1-1-1 
Controller 
(MTXC) with Integrated 
Data 
- 
Back-to-Back 
ReadlWrite 
Cycles at 
3-1-1-1-1-1-1-1 
Paths 


- 
64K x 32 SRAM Also Supported 


REFERENCE INFORMATION: The information in this document is provided as a supplement to the 
standard package datasheet published for the Intel 82439TX System Controller (MTXC). Please refer to the 
standard package datasheet (order number 290559) for product information and specifications not found in . 
this document. 


NOTICE: This document contains preliminary information on new products in production. The specifications 
are subject to change without notice. Verify with your local Intel Sales office that you have the latest 
datasheet before finalizing a design. 
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1.0 
Electrical Characteristics 


1.1 
Absolute Maximum Ratings 


Case Temperature 
under Bias ........•................................................................................................ 
O°C to +85°C 


Storage Temperature 
-55°C to +150°C 


Voltage 
on 5 V tolerant 
pins with respect to ground 
-0.3 to Vcc5REF 
+ 0.3 


Voltage 
on 3.3 V pins with respect to ground 
-0.3 to Vcc + 0.3 


Supply Voltage with respect to Vss 
-0.3 to +3.6 V 


(2.5 V CPU) Supply Voltage with respect to Vss 
: 
-0.2 to +2.7 V 


Maximum 
Power Dissipation 
1.0 W 


WARNING: 
Stressing the device beyond the "Absolute Maximum Ratings' may cause permanent damage. These are stress ratings 


only. Operation beyond the "Operating Conditions' is not recommended and extended exposure beyond the "Operating Conditions' 
may affect device reliability. 


1.2 
Thermal Characteristics 


The MTXC is designed 
for operation 
at case temperatures 
between 
O°C and 85°C. The thermal 
resistances 
of 
the MTXC are provided 
in Table 1. 


Table 
1. MTXC Package 
Thermal 
Resistance 


Air Flow 


Parameter 
Meters/Second 
(Linear 
Feet per Minute) 


0(0) 
1.0 (196.9) 


Sja (OC/Watt) 
34 
26 


Sjc (OC/Watt) 
8 
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vcc =::1.1::10V 


V1L2 
Input Low Voltage 
-0.3 
0.7 
V 
Note 1 


Vcc(CPU) 
= 2.375 V 


V1H1 
Input High Voltage 
(3.3 V 
2.2 
Vcc +0.3 
V 
Notes 
1, 2, 3 
signals) 
Vcc 
= 3.6 V 


V1H2 
Input High Voltage 
(2.5 V 
1.7 
Vcc +0.3 
V 
Note 1 
signals) 
Vcc = 2.7 V 


V1H3 
Input High Voltage 
(5 V 
2.2 
VREF +0.3 
V 
Note 2 
signals) 
VREF = 5.25 V 


VOL1 
Output 
Low Voltage 
0.4 
V 
3.3 V signals 
(Note 7) 


IOL = 1 mA (all signals 
except as noted below) 


IOL = 3 mA (Note 4) 


IOL = 6 mA (Note 5) 


VOL2 
Output Low Voltage 
V 
2.5 V Signals 


IOL = 100 !lA 
0.2 
Note 1 


IOL = 1 mA 
0.3 


IOL=2 
mA 
0.4 


• 
NOTES: 
1. These signals are CPU Vcc (3.3 V or 2.5 V): 
A[31:3]. BE[7:0]#. BRDY#. NA#. AHOLD. EADS#. HD[63:0]. KEN#/INV, HLOCK#. MlIO#.D/C#. 
W/R#. ADS#. HITM#, 


CACHE#. SMIACn. 
HCLKIN. Vcc(CPU) 
2. These signals are 3.3 V with 5.0 V tolerance: 


TIO[7:0]. AD[31:0]. C/BE[3:0]#. PLOCK#. FRAME#.IRDY#. TRDY#. DEVSEL#, STOP#. PAR. REQ[3:0]#, PCLKIN, 
PHLD#. MD[63:0]. TESnN#. PCLKIN. VREF, LOCK#. PHLDA#. CLKRUN#. RSn 
3. These signals are 3.3 V: 


KRQAK, TWE#. BWE#. GWE#. COE#. CCS#. CADS#. CADV#. CKEB. CKE. SCAS[A.B]#, MWE#, MWEB#. MA[ll :0], 
CAS[7:0]# or DQM[7:0]. RAS[5:0]# or CS[5:0]#. VcdSUS). Vcc, SUSTAT1#, SUSCLK. GNT[3:0]# 
4. IOLand IOHapply to the following signals: AD[31:0]. CIBE[3:0]#, PAR 
5. IOLand IOHapply to the following signals: FRAME#. IRDY#. TRDY#. DEVSEL#, STOP#, LOCK# 
6. IlLapplies to the following signals: HD[63:0], MD[63:0]. KRQAK. TI0[7:0]. A27. These signals have intemal pulldown resis- 


tors. 


7. All signals from note 1 when the CPU Vcc is 3.3 V; All signals from notes 2 and 3. 
8. Threshold voltage for all delay and pulse width measurements. 
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Table 2. MTXC DC Characteristics 
(Sheet 2 of 2) 


Functional 
Operating 
Range 
(Vcc = 3.13 V to 3.6 V; VcdCPU) 
= 2.37 V to 2.62 V /3.13 V to 3.6 V 
VREF = 5 V :I: 5%; T CASE = 00 C to +850 C) 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


VOHI 
Output 
High Voltage 
2.4 
V 
3.3 V signals 
(Note 7) 


10H = -1 mA (all signals 


!I 
except as noted below) 
10H = -2 mA (Notes 4,5) 


VOH2 
Output 
High Voltage 
V 
2.!? V Signals 


10H = -100 IJA 
2.1 
Note 1 


10H = -1 mA 
1.9 


10H = -2 mA 
1.7 


VTI 
Threshold 
Voltage (3.3 V 
1.5 
I 
1.5 
V 
Note 8 
Signals) 


VT2 
Threshold 
Voltage (2.5 V 
1.25 
1.25 
V 
Note 8 
Signals) 


11L1 
Input Leakage 
Current 
:1:10 
IJA 
o V<Vin<Vee 


IIL2 
Input Leakage 
Current 
:1:300 
IJA 
Note 6 
o V<Vin<Vee 


CIN 
Input Capacitance 
12 
pF 
Fe = 1 MHz 


COUT 
Output 
Capacitance 
12 
pF 
Fe = 1 MHz 


CI/O 
I/O Capacitance 
12 
pF 
Fe = 1 MHz 


NOTES: 


I. 
These 
signals 
are CPU Vcc 
(3.3 V or 2.5 V): 


A[31 :3), BE[7:0)#, 
BRDY#, 
NA#, AHOLD, 
EADS#, 
HD[63:0). 
KEN#/lNV. 
HLOCK#, 
M/IO#.D/C#. 
W/R#. ADS#. 
HITM#. 
CACHE#. 
SMIACT#. 
HCLKIN. 
Vcc(CPU) 


2. 
These 
signals 
are 3.3 V with 5.0 V tolerance: 


TIO[7:0). 
AD[31:0). 
C/BE[3:0)#. 
PLOCK#. 
FRAME#. 
IRDY#. 
TRDY#. 
DEVSEL#. 
STOP#. 
PAR. REQ[3:0)#. 
PCLKIN. 


PHLD#. 
MD[63:0), 
TESTIN#. 
PCLKIN. 
VREF. 
LOCK#. 
PHLDA#. 
CLKRUN#. 
RST# 


3. 
These 
signals 
are 3.3 V: 


KRQAK. 
TWE#. 
BWE#. 
GWE#. 
COE#. 
CCS#, 
CADS#, 
CADV#, 
CKEB. 
CKE. SCAS[A.B)#. 
MWE#. 
MWEB#. 
MA[l I :0), 


CAS[7:0)# 
or DQM[7:0). 
RAS[5:0)# 
or CS[5:0)#, 
Vcc(SUS). 
Vcc. 
SUSTATI#. 
SUSCLK. 
GNT[3:0)# 


4. 
10L and 10H apply to the following 
signals: 
AD[31 :0). C/BE[3:0)#, 
PAR 


5. 
10L and 10H apply to the following 
signals: 
FRAME#. 
IRDY#. 
TRDY#, 
DEVSEL#, 
STOP#. 
LOCK# 


6. 
IlL applies 
to the following 
signals: 
HD[63:0). 
MD[63:0). 
KRQAK. 
TIO[7:0). 
A27. These 
signals 
have internal 
pulldown 
resis- 


tors. 


7. 
All signals 
from note I when the CPU Vcc 
is 3.3 V; All signals 
from notes 2 and 3. 


8. 
Threshold 
voltage 
for all delay and pulse width 
measurements. 
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Table 3. MTXC Pin States in Various System Modes (Sheet 1 of 2) 


MTXC 
Signals 
Power 
Type 
Buffer' 
During 
After 
Max 
Chip 
During 
During 
Plane 
Reset 
Reset 
Standby 
POS 
STR 


Host 
A[31:3] 
VcdCPU) 
I/O 
3.312.5 V 
Low2 
Hi-Z 
Toggling 
Hi·Z 
Hi·Z 
Pwrdn 
Interface 
BE[7:0]# 
VcdCPU) 
I 
3.3/2.5 
V 
Input 
Input 
Toggling 
Input 
Input 
Pwrdn 


ADS# 
VcdCPU) 
I 
3.3/2.5 
V 
Input 
Input 
Toggling 
Input 
Input 
Pwrdn 


BRDY# 
VcdCPU) 
0 
3.3/2.5 
V 
High 
High 
Toggling 
High 
High 
Pwrdn 


NA# 
VcdCPU) 
0 
3.312.5 V 
High 
High 
Toggling 
High 
High 
Pwrdn 


AHOLD 
VcdCPU) 
0 
3.312.5 V 
High 
Low 
Toggling 
Low 
Low 
Pwrdn 


EADS# 
VodCPU) 
0 
3.3/2.5 
V 
High 
High 
Toggling 
High 
High 
Pwrdn 


BOFF# 
VcdCPU) 
0 
3.3/2.5 
V 
High 
High 
Toggling 
High 
High 
Pwrdn 


HITM# 
VcdCPU) 
I 
3.3/2.5 
V 
Input 
Input 
Toggling 
Input 
Input 
Pwrdn 


W/R# 
VcdCPU) 
I 
3.3/2.5 
V 
Input 
Input 
Toggling 
Input 
Input 
Pwrdn 


HLOCK# 
VcdCPU) 
I 
3.312.5 V 
Input 
Input 
Toggling 
Input 
Input 
Pwrdn 


CACHE# 
VcdCPU) 
I 
3.312.5 V 
Input 
Input 
Toggling 
Input 
Input 
Pwrdn 


KEN#/INV 
VcdCPU) 
0 
3.3/2.5 
V 
Low 
Low 
Toggling 
Low 
Low 
Pwrdn 


SMIACT# 
VcdCPU) 
I 
3.312.5 V 
Input 
Input 
Toggling 
Input 
Input 
Pwrdn 


HD[63:0] 
VcdCPU) 
I/O 
3.3/2.5 
V 
Hi·Z 
Hi·Z 
Toggling 
Hi-Z 
Hi·Z 
Pwrdn 


DRAM 
RAS[5:0]#/ 
VcdSUS) 
0 
3.3V 
Undef 
High 
Toggling 
Toggling 
Toggling 
Toggling 
Interface 
CS[5:0]# 


CAS[7:0]#/ 
VcdSUS) 
0 
3.3V 
Undef 
Undef 
Toggling 
Toggling 
Toggling 
Toggling 
DQM[7:0] 


MA[11:0] 
Vcc 
0 
3.3V 
Undef 
Undef 
Toggling 
low 
Low 
Pwrdn 


MWE# 
VcdSUS) 
0 
3.3V 
High 
High 
Toggling 
High 
High 
High 
MWEB# 


SRAS[A,B}# 
Vcc 
0 
3.3V 
High 
High 
Toggling 
Toggling 
Low 
Pwrdn 


SCAS[A,B]# 
Vcc 
0 
3.3V 
High 
High 
Toggling 
Toggling 
Low 
Pwrdn 


CKE 
VcdSUS) 
0 
3.3V 
Undef 
High 
High 
High 
Low 
Low 


CKEB 
Vcc 
0 
3.3V 
Undef 
High 
High 
High 
Low 
Pwrdn 


MD[63:0] 
Vcc 
I/O 
3.3/5 V 
Hi-Z 
Hi-Z 
Toggling 
Hi-Z 
Hi·Z 
Pwrdn 


NOTES: 


1. 
3.3/2.5 
V indicates 
the buffer is 3.3 V or 2.5 V only, depending 
upon the VcdCPU} 
voltage. 
3.3/5 V indicates 
that the out- 
put is 3.3 V, and input is 3.3 V with 5 V.tolerance. 
5 V indicates 
3.3 V input with 5 V tolerance. 


2. 
A[31 :26] are inputs during 
Reset. 
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Table 3. MTXC Pin States in Various System Modes (Sheet 2 of 2) 


MTXC Signals 
Power 
Type 
Buffer1 
During 
After 
Max 
Chip 
During 
During 


Plane 
Reset 
Reset 
Standby 
POS 
STR 


L2 
CADV# 
Vcc 
0 
3.3V 
High 
High 
Toggling 
High 
High 
Pwrdn 
Cache 
CADS# 
Vcc 
0 
3.3V 
High 
High 
Toggling 
High 
High 
Pwrdn 
Interface 


CCS# 
Vcc 
0 
3.3V 
Low 
Low 
Low 
Low 
Low 
Pwrdn 


COE# 
Vcc 
0 
3.3V 
High 
High 
Toggling 
High 
High 
Pwrdn 


GWE# 
Vcc 
0 
3.3V 
High 
High 
Toggling 
High 
High 
Pwrdn 


BWE# 
Vcc 
0 
3.3V 
High 
High 
Toggling 
High 
High 
Pwrdn 


TI0[7:0] 
Vcc 
I/O 
3.3V 
Low 
Hi-Z 
Toggling 
Hi-Z 
Hi-Z 
Pwrdn 


TWE# 
Vcc 
0 
3.3V 
Low 
High 
Toggling 
High 
High 
Pwrdn 


KRQAK/ 
Vcc 
I/O 
3.3V 
Input 
Input 
Toggling 
Input 
Input 
Pwrdn 


CS4_64# 


PCI 
AD[31:0] 
Vcc 
I/O 
3.3/5 V 
Low 
Hi-Z 
Toggling 
Last 
Last 
Pwrdn 


Interface 
C/BE[3:0]# 
Vcc 
I/O 
3.3/5 V 
Low 
Hi-Z 
Toggling 
Last 
Last 
Pwrdn 


FRAME# 
Vcc 
I/O 
3.3/5 V 
Hi-Z 
Hi-Z 
Toggling 
Hi-Z 
Hi-Z 
Pwrdn 


DEVSEL# 
Vcc 
I/O 
3.3/5 V 
Hi-Z 
Hi-Z 
Toggling 
Hi-Z 
Hi-Z 
Pwrdn 


IRDY# 
Vcc 
I/O 
3.3/5 V 
Hi-Z 
Hi-Z 
Toggling 
Hi-Z 
Hi-Z 
Pwrdn 


TRDY# 
Vcc 
I/O 
3.3/5 V 
Hi-Z 
Hi-Z 
Toggling 
Hi-Z 
Hi-Z 
Pwrdn 


STOP# 
Vcc 
I/O 
3.3/5 V 
Hi-Z 
Hi-Z 
Toggling 
Hi-Z 
Hi-Z 
Pwrdn 


LOCK# 
Vcc 
I/O 
3.3/5 V 
Hi-Z 
Hi-Z 
Toggling 
Hi-Z 
Hi-Z 
Pwrdn 


REQ[3:0]# 
Vcc 
I 
3.3/5 V 
Input 
Input 
Input 
Input 
Input 
Pwrdn 


GNT[3:0j# 
Vcc 
0 
3.3V 
Hi-Z 
High 
Toggling 
High 
High 
Pwrdn 


PHLD# 
Vcc 
I 
3.3/5 V 
Input 
Input 
Input 
Input 
Input 
Pwrdn 


PHLDA# 
Vcc 
0 
3.3V 
High 
High 
Toggling 
High 
High 
Pwrdn 


PAR 
Vcc 
I/O 
3.3/5 V 
Low 
Undef 
Toggling 
Undef 
Undef 
Pwrdn 


CLKRUN# 
Vcc 
I/O 
3.3/5 V 
Hi-Z 
Hi-Z 
Low 
Low 
High 
Pwrdn 


RST# 
Vcc 
I 
3.3/5 V 
Input 
Input 
High 
Input 
Input 
Pwrdn 


Test/ 
TEST# 
Vcc 
I 
3.3/5 V 
Input 
Input 
Input 
Input 
Input 
Pwrdn 


Clock 
Signals 
HCLKIN 
Vcc(CPU) 
I 
3.3/2.5 
V 
Input 
Input 
Input 
Input 
Input 
Pwrdn 


PCLKIN 
Vcc 
I 
3.3/5 V 
Input 
Input 
Input 
Input 
Input 
Pwrdn 


Power 
SUSCLK 
Vcc(SUS) 
I 
3.3V 
Input 
Input 
Input 
Input 
Input 
Input 


Management 
SUSSTAT1# 
Vcc(SUS) 
I 
3.3V 
Input 
Input 
Input 
Input 
Input 
Input 


NOTES: 


1. 
3.3/2.5 
V indicates 
the buffer is 3.3 V or 2.5 V only. depending 
upon the Vcc(CPU) 
voltage. 
3.3/5 V indicates 
that the out- 


put is 3.3 V. and input is 3.3 V with 5 V tolerance. 
5 V indicates 
3.3 V input with 5 V tolerance. 


2. 
A[31 :26] are inputs during 
Reset. 
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For the Standby 
State, the following 
assumptions 
are made: 


• Host bus is idle 


• PCI bus is idle 


• DRAM bus is idle except for DRAM refresh cycles 


• All external 
clocks are running: 
HCLK (66 MHz), PCLOCK 
(33 MHz), SUSCLK 
(32 KHz) 


• Not in any suspend 
state 


• No PCI activity 


For the MAX state, the following 
assumptions 
are made: 


• Host Bus cycle in progress 


• PCI bus cycle in progress 


• DRAM bus cycle in progress 


1.4 
MTXC AC Characteristics 


All timings 
are in nanoseconds 
(ns) unless otherwise 
specified. 


Table 
4. 
Host Clock 
Timing: 
66 MHz (MTXC) 


Functional 
Operating 
Range 
(Vcc = 3.13 V to 3.6 V; VcC<CPU) = 2.37 V to 2.62 V /3.13 
V to 3.6 V; 


VREF = 5 V :t 5%; TCASE = 00 C to +850 C) 


66MHz 
Symbol 
Parameter 
Figures 
Notes 
Min 
Max 


t1 
HCLKIN 
Period 
15.0 
20.0 
1 


t1s 
HCLKIN 
Period Stability 
±250 
pS 


t1 H 
HCLKIN 
High Time 
5.5 
1 


t1 L 
HCLKIN 
Low Time 
5.5 
1 


t1 r 
HCLKIN 
Rise Time 
1.5 
1 


t1f 
HCLKIN 
Fall Time 
1.5 
1 
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Table 
5. 
CPU Interface 
Timing: 
66 MHz (MTXC) 


Functional 
Operating 
Range 
(Vcc = 3.13 V to 3.6 V; VcC<CPU) = 2.37 V to 2.62 V /3.13 
V to 3.6 V; 


VREF = 5 V :t 5%; T CASE = QOCto +85°C) 


66 MHz 
Symbol 
Parameter 
Figures 
Notes 
Min 
Max 


t2 
ADS# Setup Time to HCLKIN 
Rising 
5.0 
4 


t3 
W/R# Setup Time to HCLKIN 
Rising 
5.7 
4 
, 


t4 
BE[7:0)# 
Setup Time to HCLKIN 
Rising 
3.4 
4 


·t5 
HITM# Setup Time to HCLKIN 
Rising 
5.3 
4 


t6 
CACHE# 
Setup Time to HCLKIN 
Rising 
5.0 
4 


t7 
M/IO# Setup Time to HCLKIN 
Rising 
5.3 
4 


t8 
D/C# Setup Time to HCLKIN 
Rising 
5.0 
4 


t9 
HLOCK#, 
SMIACT# 
Setup Time to HCLKIN 
4.0 
4 
Rising 


t11 
ADS#, 
HITM#, W/R#, M/IO#, 
D/C#, BE[7:0)#, 
1.0 
, 


4 
HLOCK#, 
CACHE#, 
SMIACT# 
Hold Time from 
HCLKIN 
Rising 


t12 
A[31 :0) Setup Time to HCLKIN 
Rising 
3.5 
4 


t13 
A[31 :0) Hold Time from HCLKIN 
Rising 
1.0 
4 


t14 
A[31 :0) Valid Delay from HCLKIN 
Rising 
2.0 
13.0 
3 
o pF 


t15 
A[31 :0) Output 
Enable From HCLKIN 
Rising 
0.0 
13.0 
8 


t16 
A[31 :0) Float Delay from HCLKIN 
Rising 
0.0 
13.0 


t17 
HD(63:0) 
Setup Time to HCLK Rising 
3.75 


t18 
HD(63:0) 
Hold Time from HCLK Rising 
1.0 


t19 
HD(63:0) 
Valid Delay from HCLK Rising 
1.5 
7.0 
o pF 


t20 
HD(63:0) 
Flow Through 
Delay from MD[63:0), 
1.5 
6.0 
o pF 
66 MHz, 5-2-2-2 


t21 
BRDY# 
Valid Delay from HCLKIN 
Rising 
1.5 
8.0 
3 
o pF 


t22 
NA# Valid Delay from HCLKIN 
Rising 
1.5 
8.0 
3 
o pF 


t23 
AHOLD 
Valid Delay from HCLKIN 
Rising 
1.5 
7.0 
3 
o pF 


t24 
BOFF# Valid Delay from HCLKIN 
Rising 
1.5 
7.0 
3 
o pF 


t25 
EADS# Valid Delay from HCLKIN 
Rising 
1.5 
7.0 
3 
OpF 


t26 
KEN#/iNV 
Valid Delay from HCLKIN 
Rising 
1.5 
7.0 
3 
o pF 
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Table 6. Second-Level 
Cache 
Timing: 
66 MHz (MTXC) 


Functional 
Operating 
Range 
(Vcc = 3.13 V to 3.6 V; VcC<CPU) = 2.37 V to 2.62 V /3.13 
V to 3.6 V; 


VREF :;: 5 V :I: 5%; T CASE = O· C to +85· C) 


66MHz 
Symbol 
Parameter 
Figures 
Notes 
Min 
Max 


127 
COE# Valid Delay from HCLKIN 
Rising 
2.0 
8.0 
3 
o pF 


128 
GWE# Valid Delay from HCLKIN 
Rising 
2.0 
9.5 
3 
o pF 


129 
BWE# Valid Delay from HCLKIN 
Rising 
2.0 
9.0 
3 
o pF 


130 
KRQAK 
Valid Delay from HCLKIN 
I 
1.5 
7.0 
o pF 


131 
KRQAK setup time 10 HCLKIN 
2.8 


132 
KRQAK 
Hold Time from HCLKIN 
1.0 


133 
TIO[7:0] 
Valid Delay from HCLKIN 
Rising 
2.0 
8.0 
3 
o pF 


134 
TIO[7:0] 
Selup lime 10 HCLKIN 
Rising 
2.2 
4 


135 
TIO[7:0] 
Hold lime 10 HCLKIN 
Rising 
2.0 
4 


136 
CCS# Valid Delay from HCLKIN 
Rising 
1.5 
7.0 
3 
o pF 


137 
CADS# 
Valid Delay from HCLKIN 
Rising 
1.5 
7.0 
3 
o pF 


138 
CADV# Valid Delay from HCLKIN 
Rising 
1.5 
7.0 
3 
OpF 


139 
TWE# Valid Delay 
2.0 
9.0 
3 
o pF 
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Table 
7. 
EDOIFPM' 
DRAM Interface 
Timing; 
66 PtIIHz(MTXC) 


Functional 
Operating 
Range Clcc = 3.13 V to 3.6 V; VcC<CPU) = 2.37 V to 2.62 V I 3.13 V to 3.6 V; 


VREF = 5 V ± 5%; TCASE = 00 C to +850 C) 


66MHz 
Symbol 
Parameter 
Fig. 
Notes 
Min 
Max 


t40 
RAS[5:0]# 
Valid Delay from HClK 
Rising 
1.5 
7.0 
3 
o pF 


t41 
CAS[7:0]# 
Valid Delay from HClKIN 
Rising 
1.5 
6.0 
3 
o pF 


t42 
MWE#, 
MWEB# Valid Delay From HClKIN 
1.5 
19.0 
3 
o pF 
Rising 


t43 
MA[13:0] 
Flow Through 
Delay from HA (read col 
2.0 
8.0 
o pF 
addr) 


t44 
MA[13:0] 
Valid Delay from HClK 
Rising (read 
2.0 
9.0 
o pF 
rowaddr) 


t45 
MA[11 :0] Valid Delay from HClK 
Rising (read col 
2.0 
6.5 
o pF 
addr burst cycles) 
(Also applies when 
. 
CKE pins are used 
as copies of MA['1:0]) 


t46 
MA[1 :0] Valid Delay from HClK 
Rising (Write 
2.0 
10.0 
o pF 
Row and Col Addr) 


t48 
MD[63:0] 
set up to HClK 
Rising 
1.1 


t49 
MD[63:0] 
hold time from HClK 
Rising 
4.0 


t50 
MD[63:0] 
Valid delay from HClK 
Rising 
2.0 
8.0 
o pF 


SDRAM 
Interface 
Timing 


t51 
SRAS[B:A]# 
Valid Delay from HClKIN 
Rising 
5.0 
1-9.0 
o pF 
(two clock path) 


t52 
SCAS[B:A]# 
Valid Delay from HClKIN 
Rising 
5.0 
19.0 
o pF 
(two clock path) 


t56 
MWE#,MWEB# 
Valid delay from HClKIN 
Rising 
5.0 
19.0 
3 
o pF 
(Two Clock Path) 


t57 
CKE, CKEB Valid Delay from HClKIN 
Rising 
1.5 
6.0 
o pF 


t58 
CS[5:0]# 
Valid Delay from HClKIN 
Rising 
1.5 
7.0 
3 
o pF 


t59 
DQM[7:0] 
Valid Delay from HClKIN 
Rising 
1.5 
6.0 
3 


0 
o pF 


t60 
MA[11 :0] Valid Delay from HClKIN 
Rising 
2.0 
16.0 
3 
o pF 


t61 
MD[63:0] 
set up to HClK 
Rising 
3.5 
o pF 


t62 
MD[63:0] 
hold time from HClK 
Rising 
1.0 
o pF 


t62a 
MD[63:0] 
Valid Delay from HClK 
Rising 
2.0 
8.0 
o pF 
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Table 8. PCI Clock Timing; 66 MHz (MTXC) 


Functional Operating Range (Vcc = 3.13 V to 3.6 V; Vcc(CPU) = 2.37 V to 2.62 V /3.13 V to 3.6 V; 


VREF = 5 V :t 5%; TCASE = O°Cto +85°C) 


66MHz 
Symbol 
Parameter 
Figure 
Notes 
Min 
Max 


PM and TEST Timing 
, 


t63 
SUSSTAT1# Setup Time 
7 


t64 
SUSSTAT1# Hold Time 
2 
I 


t64s 
SUSCLK 
-- 
Async 


t64t 
TESTIN# 
I 
Async 
. , 


PCI Clocks 
t. 


t65 
PCLKIN High Time 
12.0 
1 


t66 
PCLKIN Low Time 
12.0 
1 


t66r 
PCLKIN Rise Time 
3.0 
1 


t66f 
PCLKIN Fall Time 
3.0 
1 
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Table 
9. 
PCllnterface 
Timing; 
66 MHz (MTXC) 


Functional 
Operating 
Range 
(Vcc = 3.13 V to 3.6 V; VcC<CPU) = 2.37 V to 2.62 V /3.13 
V to 3.6 V; 


VREF = 5 V :I: 5%; T CASE = O°C to +85°C) 


66 MHz 
Symbol 
Parameter 
Figures 
Notes 
Min 
Max 


t67 
AD[31 :0) Valid Delay 
2 
11 
3 


t68 
AD[31 :0) Setup Time 
7 
4 


t63 
AD[31 :0) Hold Time from PCLKIN 
0 
4 


t70 
C/BE[3:0)#, 
FRAME#, 
TRDY#, 
IRDY#, 
2.0 
11.0 
3 
STOP#, 
LOCK#, 
PAR, DEVSEL# 
Valid Delay 
from PCLKIN 
Rising 


t71 
C/BE[3:0)#, 
FRAME#, 
TRDY#, 
IRDY#, 
2.0 
11.0 
8 
STOP#, 
LOCK#, 
PAR, DEVSEL# 
Output 
. 


Enable Delay from PCLKIN 
Rising 


t72 
CIBE[3:0)#, 
FRAME#, 
TRDY#, 
IRDY#, 
2.0 
11.0 
5 
STOP#, 
LOCK#, 
PAR, DEVSEL# 
Float Delay 
from PCLKIN 
Rising 


t73 
C/BE[3:0)#, 
FRAME#, 
TRDY#, 
IRDY#, 
7.0 
4 
STOP#, 
LOCK#, 
PAR, DEVSEL# 
Setup Time 
to PCLKIN 
Rising 


t74 
C/BE[3:0)#, 
FRAME#, 
TRDY#, 
IRDY#, 
0.0 
4 
STOP#, 
LOCK#, 
PAR, DEVSEL# 
Hold Time 
from PCLKIN 
Rising 


t75 
PHLDA# 
Valid Delay from PCLKIN 
Rising 
2 
9.0 
3 


t76 
GNT[3:0) 
# Valid Delay from PCLKIN 
Rising 
2 
9.0 


t77 
REQx#, 
PHLD# Setup Time from PCLKIN 
12.0 
Rising 


t78 
REQx#, 
PHLD# 
Hold Time from PCLKIN 
0.0 
Rising 


t79 
RST# Low Pulse Width 
1 ms 
7 


t80 
CLKRUN# 
.. 
Async 
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2.0 
MTXCTiming Diagrams 
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Figure 1. Clock Timing 
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Figure 2. Propagation Delay 
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Figure 3. Valid Delay From Rising Clock Edge 
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82371AB PCI-TO-ISA fiDE 
XCELERATOR 
(PIIX4) 


• 
Supported Kits for both Pentium" and 
Pentiumell Microprocessors 
- 
82430TX ISA Kit 
- 
82440LX ISAlDP Kit 


• 
Multifunction 
PCI to ISA Bridge 
- 
Supports PCI at 30 MHz and 33 MHz 
- 
Supports PCI Rev 2.1 Specification 
- 
Supports Full ISA or Extended I/O 
(EIO) Bus 
- 
Supports Full Positive Decode or 
Subtractive 
Decode of PCI 
- 
Supports ISA and EIO at 1/4 of PCI 
Frequency 


.• 
Supports both Mobile and Desktop 
Deep Green Environments 
- 
3.3V Operation with SV Tolerant 
Buffers 
- 
Ultra-Iow Power for Mobile 
Environments 
Support 
- 
Power-On Suspend, Suspend to 


. 
RAM, Suspend to Disk, and Soft- 
OFF System States 
- 
All Registers Readable and 
Restorable for Proper Resume 
from O.VSuspend 


• 
Power Management Logic 
- 
Global and Local Device 
Management 
- 
Suspend and Resume Logic 
- 
Supports Thermal Alarm 
- 
Support for External 
Microcontroller 
- 
Full Support for Advanced 
Configuration 
and Power Interface 
(ACPI) Revision 1.0 Specification 
and OS Directed Power 
Management 


• 
Integrated IDE Controller 
- 
Independent Timing of up to 
4 Drives 
- 
PlO Mode 4 and Bus Master IDE 
Transfers up to 14 Mbytes/sec 
- 
Supports "Ultra DMAl33" 
Synchronous 
DMA Mode Transfers 
up to 33 Mbytes/sec 


- 
Integrated 16 x 32-bit Buffer for IDE 
PCI Burst Transfers 
- 
Supports Glue-less "Swap-Bay" 
Option with Full Electrical Isolation 


• 
Enhanced DMA Controller 
- 
Two 82C37 DMA Controllers 
- 
Supports 
PCI DMA with 3 PC/PCI 
Channels and Distributed 
DMA 
Protocols 
(Simultaneously) 
- 
Fast Type-F DMA for Reduced PCI 
Bus Usage 


• 
Interrupt Controller 
Based on Two 
82CS9 
- 
1SInterrupt 
Support 
- 
Independently 
Programmable 
for 
Edge/Level Sensitivity 
- 
Supports Optional I/O APIC 
- 
Serial Interrupt Input 


• 
Timers Based on 82CS4 
- 
System Timer, Refresh Request, 
Speaker Tone Output 


• 
USB 
- 
Two USB 1.0 Ports for Serial 
Transfers at 12 or 1.S Mbit/sec 
- 
Supports Legacy Keyboard and 
Mouse Software with USB-based 
Keyboard and Mouse 
- 
Supports UHCI Design Guide 


• 
5MBus 
- 
Host Interface Allows CPU to 
Communicate 
Via 5MBus 
- 
Slave Interface Allows External 
5MBus Master to Control Resume 
Events 


• 
Real-Time Clock 
- 
2S6-byte Battery-Back 
CMOS SRAM 


- 
Includes Date Alarm 
- 
Two 8-byte Lockout Ranges 


• 
Microsoft Win9S· Compliant 


• 
324 mBGA Package 
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This complete document is available from Intel's World Wide Website 


and/or U.S. Literature 
Center: 


World Wide Website: 
http://www.developer.com 


U.S. Literature 
Center: 
800-548-4725 


in other geographies, 
please contact your local sales office 
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The 82371AB 
PCI ISA IDE Xcelerator 
(PIIX4) is a multi-function 
PCI device 
implementing 
a PCl-to-ISA 
bridge 
function, 
a PCI IDE function, a Universal 
Serial Bus hostlhub 
function, 
and an Enhanced 
Power 
Management 
function. 
As 
a 
PCI-to-ISA 
bridge, 
PIIX4 
integrates 
many 
common 
I/O functions 
found 
in 
ISA-based 
PC 
systems-two 
82C37 
DMA Controllers, 
two 82C59 
Interrupt 
Controllers, 
an 82C54 Tlmer/Oounter, 
and a Real 
Time 
Clock. 
In addition 
to compatible 
transfers, 
each 
DMA channel 
supports 
Type 
F transfers. 
PIIX4 
also 
contains 
full 
support 
for 
both 
PC/PCI 
and 
Distr.ibuted 
DMA 
protocols 
implementing 
PCI-based 
DMA. 
The 
Interrupt 
Controller 
has Edge or Level sensitive 
programmable 
inputs and fully supports 
the use of an extemal 
I/O Advanced 
Programmable 
Interrupt 
Controller 
(APIC) and Serial Interrupts. 
Chip select decoding 
is provided 
for BIOS, Real Time Clock, Keyboard 
Controller, 
second external microcontroller, 
as well as two Programmable 
Chip Selects. 
PIIX4 provides 
full Plug and Play compatibility. 
PIIX4 can be configured 
as a Subtractive 
Decode 
bridge or as a Positive 
Decode bridge. This allows the use of a subtractive 
decode 
PCI-to-PCI 
bridge such as 
the Intel 380FB PClset which implements 
a PCI/ISA docking station environment. 


PIIX4 supports 
two IDE connectors 
for up to four IDE devices 
providing 
an interface 
for IDE hard disks and CD 
ROMs. Up to four IDE devices can be supported 
in Bus Master mode. PIIX4 contains 
support for "Ultra DMN33" 
synchronous 
DMA compatible 
devices. 


PIIX4 contains 
a Universal 
Serial Bus (USB) Host Controller 
that is Universal 
Host Controller 
Interface 
(UHCI) 
compatible. 
The Host Controller's 
root hub has two programmable 
USB ports. 


PIIX4 
supports 
Enhanced 
Power 
Management, 
including 
full 
Clock 
Control, 
Device 
Management 
for 
up to 
14 devices, 
and Suspend 
and Resume 
logic with Power On Suspend, 
Suspend 
to RAM or Suspend 
to Disk. It 
fully 
supports 
Operating 
System 
Directed 
Power 
Management 
via the 
Advanced 
Configuration 
and 
Power 
Interface 
(ACPI) 
specification. 
PIIX4 
integrates 
both a System 
Management 
Bus 
(SMBus) 
Host 
and 
Slave 
interface for serial communication 
with other devices. 


, Information 
in this 
document 
is provided 
in conjunction 
with 
Intel products. 
No license, 
express 
or implied, 
by estoppel 
or 
otherwise, 
to any intellectual 
property 
rights is granted 
by this document 
or by the sale of Intel products. 
Except 
as provided 
in 
Intel's Terms 
and Conditions 
of Sale for such products, 
Intel assumes 
no liability whatsoever, 
and Intel disclaims 
any express 
or implied warranty, 
relating 
to sale and/or 
use of Intel products 
including 
liability or warranties 
relating 
to fitness 
for a particular 
purpose, 
merchantability, 
or infringement 
of any patent, 
copyright 
or other 
intellectual 
property 
right. 
Intel products 
are not 
intended 
for use in medical, 
life saving, 
or life sustaining 
applications. 


Intel retains the right to make changes 
to specifications 
and product 
descriptions 
at any time, without 
notice. 


The 
82371AB 
PIIX4 
may 
contain 
design 
defects 
or errors 
known 
as 
errata, 
Current 
characterized 
errata 
are 
available 
on request. 


Intel 
disclaims 
all liability, 
including 
liability 
for 
infringement 
of any 
proprietary 
rights, 
relating 
to use of information 
in this 
specification, 
Intel does not warrant 
or represent 
that such use will not infringe 
such rights. 


12C is a two-wire 
communication 
bus/protocol 
developed 
by Philips. 
5MBus 
is a subset 
of the 
12C bus/protocol 
and 
was 
developed 
by Intel. 
Implementation 
of the 
12C bus/protocol 
or the 
5MBus 
bus/protocol 
may 
require 
licenses 
from 
various 
entities, 
including 
Philips Electronics 
N,V. and North American 
Phi lips Corporation. 


Third-party 
brands 
and names 
are the property 
of their respective 
owners, 
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PCICLK 
AD[31:0) 
C/BE[3:0)' 
FRAME' 
TRDY, 
IRDY, 
STOP' 
DEVSEL, 
SERR' 
PAR 
IDSEL 
PHOLD' 
PHLKM 
CLKFlJN' 
~ 


RCIN'" 
i 
PWROK 
CPURST 
RSTDRV 
INIT 
PCIRSn 


IROOl/GP014 
IR08il/GPI6 
IR0121M 
INTR 
NMI 
IRO[15,14,11:9,7:3,1) 
SERIROIGPI7 
PRIO[A:C) 
PIROD 
IR090Un/GP029 
~, 
: 


pCI~g[:;o;): 
I" 
I 


SPKR 
OSC 


DREO[7:5,3:0) 
DACK[7:5,3:0)' 
TC 
REFRESH' 
REQ{A:C)l/GPI[2:4) 
GNT[A:C)IIGPO[9:11) 
~ 


CLK48 
USBPO± 
USBP1± 


OC[10)'~ 
1 
11 
CONFIG[21) 
~ 
rssrs 


SMII 
STPCLK' 
EXTSMII 
SLP' 
SUSCLK 
BATLOWIIGPI9 


THRMIIGPI8 
LlDIIGPI10 
RII/GPI12 
RSMRSn 
PWRBTN, 
SUSAI 
SUSBIIGP015 
SUSCIIGP016 


SD[15:0) 
IOCS161 
MEMCS16' 
MEMR' 
MEMW, 
AEN 
IOCHRDY 
IOCHKIIGPIO 
SYSCLK 
BALE 
IOR' 
IOW' 
SMEMR' 
SMEMW' 
ZEROWS' 
SA[19:0) 
LA[23:17VGPO[7:1) 
SBHE' 


PDCS1' 
PDC53I 
PDA[2:0) 
PDD[15:0) 
PDDACK' 
PDDREO 
PDIOIR' 
PDIOW, 
PIORDY 


SDCS1' 
SDCS3I 
SDA[2:0) 
SDD[15:0) 
SDDACK' 
SDDREO 
SDIOR' 
SDIOW' 
SIORDY 


PCS[1:0)' 
XDIRIIGP022 
XOEIIGP023 
RTCALElGP025 
FERR' 
IGNNE' 
BIOSCS' 
RTCCSIIGP024 
KBCCSIIGP026 
A20M' 
A20GATE 
MCCS' 


APICCSIIGP013 
APICACKIIGP012 
APCIREOIIGPI5 


RTCX[2:1) 


5MBALERn 
5MBCLK 
5MBDATA 


GPI[21:13,1) 
GPI[12:2,O)(Muttlploxed) 
GPO[30,28:27,8,O) 
GPO[29,26:9,7:1) (Muttiploxed) 


Pix4_bIk 


Simplified 
Block Diagram 
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1.0. ARCHITECTURAL 
OVERVIEW 
12 


2.0. SIGNAL 
DESCRIPTION 
15 


2.1. PIIX4 Signals 
16 


2.1.1. PCI Bus Interface 
16 


2.1.2. ISA Bus Interface 
18 


2.1.3. X-Bus Interface 
21 


2.1.4. DMA Signals 
: 
23 


2.1.5. Interrupt Controller/APIC 
Signals 
24 


2.1.6. CPU Interface Signals 
: 
26 


2.1.7. Clocking 
Signals 
28 


2.1.8. IDE Signals 
28 


2.1.9. Universal 
Serial Bus Signals 
33 


2.1.10. Power Management 
Signals 
33 


2.1.11. General Purpose Input and Output Signals 
35 


2.1.12. Other System and Test Signals 
39 


2.1.13. Power and Ground Pins 
39 


2.2. Power Planes 
40 


2.3. Power Sequencing 
Requirements 
41 


• 3.0. REGISTER 
ADDRESS 
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3.1. PCI/ISA Bridge Configuration 
42 


3.1.1. PCI Configuration 
Registers 
(Function 
0) 
" 
43 


3.1.2. 10 Space Registers 
44 


3.2. IDE Configuration 
47 


3.2.1. PCI Configuration 
Registers 
(Function 
1) 
47 


3.2.2.10 
Space Registers 
; 
48 


3.3. Universal 
Serial Bus (US B) Configuration 
48 


3.3.1. PCI Configuration 
Registers 
(Function 
2) 
11•.•.•.•.•••••••••••••••••••.•.•.•.•.•••••••••.•••••••••••••••••••••••••.•.•.•• 
.48 


3.3.2.10 
Space Registers 
. 
49 


3.4. Power Management 
Configuration 
50 


3.4.1.10 
Space Registers 
51, 


4.0. PCI TO ISAlEIO 
BRIDGE 
REGISTER 
DESCRIPTIONS 
.•.•.•.••.••.•.•.•.•.•.•.•.•.•.•.•.•.•...•.•.•.•.•.•.•.•.••.•.•.•.•.•.•......•53 


4.1. PCI to ISNEIO 
Bridge PCI Configuration 
Space Registers 
(PCI Function 0) 
53 


4.1.1. VID-Vendor 
Identification 
Register (Function 
0) 
53 


4.1.2. 01D-Device 
Identification 
Register (Function 
0) 
53 


4.1.3. PCICMD-PCI 
Command 
Register (Function 
0) 
54 


4.1.4. PCISTS-PCI 
Device Status Register 
(Function 
0) 
55 


4.1.5. RID-ReVision 
Identification 
Register (Function 
0) 
55 
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4.1.6. CLASSC-Class 
Code Register (Function 
0) 
56 


4.1.7. HEDT -Header 
Type Register (Function 
0) 
56 


4.1.8. 10RT -ISA 
1/0 Recovery Timer Register (Function 
0) 
56 


4.1.9. XBCS-X-Bus 
Chip Select Register (Function 
0) 
57 


4.1.10. 
PIRQRC[A:Dj-PIRQX 
Route Control Registers 
(Function 
0) 
59 


4.1.11. SERIRQC-SeriaIIRQ 
Control Register (Function 
0) 
59 


4.1.12. TOM-Top 
of Memory Register (Function 
0) 
60 


4.1.13. MSTAT-Miscellaneous 
Status Register (Function 
0) 
61 


4.1.14. MBDMA[1:0j-Motherboard 
Device DMA Control Registers 
(Function 
0) 
61 


4.1.15. APICBASE-APIC 
Base Address 
Relocation 
Register (Function 
0) 
62 


4.1.16. DLC-Deterministic 
Latency Control Register (Function 
0) 
62 


4.1.17. PDMACFG-PCI 
DMA Configuration 
Register 
(Function 
0) 
63 


4.1.18. DDMABP-Distributed 
DMA Slave Base Pointer Registers 
(Function 
0) 
64 


4.1.19. GENCFG-General 
Configuration 
Register (Function 
0) 
65 


4.1.20. RTCCFG-Real 
Time Clock Configuration 
Register 
(Function 
0) 
67 


4.2. PCI to ISAlEIO 
Bridge 10 Space Registers 
(10) 
68 


4.2.1. DMA Registers 
68 


4.2.1.1. 
DCOM-DMA 
Command 
Register (10) 
68 


4.2.1.2. DCM-DMA 
Channel 
Mode Register (10) 
69 


4.2.1.3. DR-DMA 
Request 
Register (10) 
70 


4.2.1.4. WSMB-Write 
Single Mask Bit (10) 
70 


4.2.1.5. RWAMB-ReadlWrite 
All Mask Bits (10) 
71 


4.2.1.6. DS-DMA 
Status Register 
(10) 
71 


4.2.1.7. DBADDR-DMA 
Base and Current Address 
Registers 
(10) 
72 


4.2.1.8. 
DBCNT -DMA 
Base and Current Count Registers 
(10) 
72 


4.2.1.9. 
DLPAGE-DMA 
Low Page Registers 
(10) 
73 


4.2.1.10. 
DCBP-DMA 
Clear Byte Pointer Register 
(10) 
73 


4.2.1.11. 
DMC-DMA 
Master Clear Register (10) 
73 


4.2.1.12. 
DCLM-DMA 
Clear Mask Register 
(10) 
74 


4.2.2. Interrupt Controller 
Registers 
: 
74 


4.2.2.1.ICW1-lnitialization 
Command 
Word 1 f\egister 
(10) 
74 


4.2.2.2. ICW2-lnitialization 
Command 
Word 2 Register 
(10) 
75 


4.2.2.3. ICW3-lnitialization 
Command 
Word 3 Register (10) 
75 


4.2.2.4. ICW3-lnitialization 
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Word 3 Register (10) 
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Word 4 Register (10) 
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Control Word 1 Register (10) 
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Control Word 2 Register 
(10) 
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Control Word 3 Register (10) 
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4.2.2.9. ELCR1-Edge/Level 
Control Register (10) 
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4.2.2.10. 
ELCR2-Edge/Level 
Control Register (10) 
79 


4.2.3. CounterlTimer 
Registers 
80 


4.2.3.1. TCW- 
Timer Control Word Register (10) 
80 


4.2.3.2. TMRST8-Timer 
Status Registers 
(10) 
82 
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4.2.3.3. TMRCNT -Timer 
Count Registers 
(10) 
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Power Management 
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Register 
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Error Register 
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Latency Timer Register (Function 
1) 
91 


5.1.B. HEDT -Header 
Type Register (Function 
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Register 
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Timing Register (Function 
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DMN33 
Control Register (Function 
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DMN33 
Timing Register (Function 
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5.2. IDE Controller 
10 Space Registers 
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Master IDE Command 
Register (10) 
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Master IDE Status Register 
(10) 
100 


5.2.a. BMIDTPX-Bus 
Master IDE DescriptorTable 
Pointer Register 
(10) 
101 


6.0. use HOST CONTROLLER 
REGISTER 
DESCRIPTIONS 
(PCI FUNCTION 
2)...........................•............102 


6.1. USB Host Controller 
PCI Configuration 
Registers 
(PCI Function 2) 
102 


6.1. '1.VID-Vendor 
Identification 
Register (Function 2) 
102 


6.1.:~. DID-Device 
Identification 
Register (Function 
2) 
102 


6.1.:3. PCICMD-PCI 
Command 
Register (Function 2) 
103 


6.1.4. PCISTS-PCI 
Device Status Register (Function 
2) 
103 
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6.1.5. RID-Revision 
Identification 
Register (Function 2) 
104 


6.1.6. CLASSC-Class 
Code Register (Function 2) 
104 
6.1.7. MLT-Master 
Latency Timer Register (Function 2) 
105 


6.1.8. HEDT-Header 
Type Register (Function 2) 
105 
6.1.9. INTLN-Interrupt 
Line Register (Function 2) 
105 
6.1.10. INTPN-Interrupt 
Pin (Function 2) 
106 
6.1.11. SBRNUM-Serial 
Bus Release Number (Function 2) 
106 
6.1.12. LEGSUP-Legacy 
Support Register (Function 2) 
107 


6.1.13. USBBA-USB 
I/O Space Base Address 
Register 
(Function 2) 
108 


6.1.14. MISCSUP-;-Miscellaneous 
Support Register (Function 2) 
109 
6.2. USB Host Controller 
10 Space Registers 
109 
6.2.1. USBCMD-USB 
Command 
Register (10) 
109 
6.2.2. USBSTS-USB 
Status Register (10) 
111 


6.2.3. USBINTR-USB 
Interrupt 
Enable Register (10) 
112 
6.2.4. FRNUM-Frame 
Number Register (10) 
113 
6.2.5. FLBASEADD-Frame 
List Base Address 
Register 
(10) 
113 
6.2.6. SOFMOD-Start 
Of Frame (SOF) Modify Register (10) 
114 
6.2.7. P9RTSC-Port 
Status and Control Register 
(10) 
115 


7.0. POWER 
MANAGEMENT 
REGISTER 
DESCRIPTIONS 
, 
117 


7.1. Power Management 
PCI Configuration 
Registers 
(PC I Function 3) 
117 
7.1.1. VID-Vendor 
Identification 
Register (Function 3) 
117 
7.1.2. DID-Device 
Identification 
Register (Function 3) 
117 


7.1.3. PCICMD-PCI 
Command 
Register (Function 3) 
117 
7.1.4. PCIST8-PCI 
Device Status Register (Function 3) 
118 
7.1.5. RID-Revision 
Identification 
Register (Function 3) 
119 
7.1.6. CLASSC-Class 
Code Register (Function 3) ............•...................................................................... 119 
7.1.7. HEDT-Header 
Type Register (Function 3) 
119 
7.1.8. INTLN-Interrupt 
Line Register (Function 3) 
120 
7.1.9. INTPN-Interrupt 
Pin (Function 3) 
120 
7.1.10. PM BA-Power 
Management 
Base Address 
(Function 3) 
120 
7.1.11. CNTA-Count 
A (Function 3) 
121 
7.1.12. CNTB-Count 
B (Function 3) 
121 
7.1.13. GPICTL-General 
Purpose Input Control (Function 3) 
123 
7.1.14. DEVRESD-Device 
Resource 
D (Function 3) 
123 
7.1.15. DEVACTA-Device 
Activity A (Function 3) 
125 
7.1.16. DEVACTB-Device 
Activity B (Function 3) 
126 
7.1.17. DEVRESA-Device 
Resource A (Function 3) 
127 
7.1.18. DEVRESB-Device 
Resource 
B (Function 3) 
129 
7.1.19. DEVRESC-Device 
Resource C (Function 3) 
130 
7.1.20. DEVRESE-Device 
Resource 
E (Function 3) 
, 
131 
7.1.21. DEVRESF-Device 
Resource 
F (Function 3) 
131 


7.1.22. DEVRESG-Device 
Resource G (Function 3) 
132 
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7.1.23. DEVRESH-Device 
Resource 
H (Function 
3) 
133 


7.1.24. DEVRESI-Device 
Resource 
I (Function 
3) 
133 


7 .1.25. DEVRES~evice 
Resource J (Function 
3) 
134 


7.1.26. PMREGMISC-Miscellaneous 
Power Management 
(Function 
3) 
134 


7.1.27. 5MBBA-SMBUS 
Base Address 
(Function 
3) 
135 


7.1.28. 5MBHSTCFG--SMBUS 
Host Configuration 
(Function 
3) 
135 


7.1.29. 5MBSLVC--SMBUS 
Slave Command 
(Function 
3) 
135 


7.1.30. 5MBSHDW1-SMBUS 
Slave Shadow 
Port 1 (Function 
3) 
136 


7.1.31. 5MBSHDW2-SMBUS 
Slave Shadow 
Port 2 (Function 
3) 
136 


7.1.32. 5MBREV-SMBUS 
Revision Identification 
(Function 
3) 
136 


7.2. Power Management 
10 Space Registers 
137 


7.2.1. PMST~ower 
Management 
Status Register (10) 
137 


7.2.2. PME~ower 
Management 
Resume 
Enable Register 
(10) 
138 


7.2.3. PMCNTRL-Power 
Management 
Control Register 
(10) 
138 


7.2.4. PMTMR-Power 
Management 
Timer Register (10) 
139 


7.2.5. GPSTS--General 
Purpose Status Register 
(10) 
139 


7.2.6. GPEN----General 
Purpose Enable Register (10) 
140 


7.2.7. PCNTRL-Processor 
Control Register 
(10) 
141 


7.2.8. PLVL2-Processor 
Level 2 Register 
(10) 
~ 
142 


7.2.9. PLVL3- 
Processor 
Level 3 Register 
(10) 
142 


7.2.10. GLBSTS--Global 
Status Register 
(10) 
143 


7 .2.11. DEVST~evice 
Status Register 
(10) 
144 


7.2.12. GLBEN----Global 
Enable Register 
(10) 
144 


7.2.13. GLBCTL-Global 
Control Register (10) 
145 


7.2.14. DEVCTL-Device 
Control Register 
(10) 
146 


7.2.15. GPIREG-General 
Purpose 
Input Register (10) 
147 


7.2.16. GPOREG-General 
Purpose Output Register 
(10) 
148 


7.3. 5MBus 
10 Space Registers 
148 


7.3.1. 5MBHSTSTS-SMBus 
Host Status Register 
(10) 
148 


7.3.2. 5MBSLVSTS-SMBus 
Slave Status Register 
(10) 
149 


7.3.3. 5MBHSTCNT-SMBus 
Host Control Register 
(10) 
150 


7.3.4. 5MBHSTCMD-SMBus 
Host Command 
Register (10) 
150 


7.3.5. 5MBHSTADD-SMBus 
Host Address 
Register 
(10) 
151 


7.3.6. 5MBHSTDATO-SMBus 
Host Data 0 Register 
(10) 
151 


7.3.7. 5MBHSTDAT1-SMBus 
Host Data 1 Register 
(10) 
151 


7.3.8. 5MBBLKDAT-SMBus 
Block Data Register 
(10) 
152 


7.3.9. 5MBSLVCNT-SMBus 
Slave Control Register 
(10) 
152 


7.3.10. 5MBSHDWCMD-SMBus 
Shadow Command 
Register 
(10) 
153 


7.3.11. 5MBSLVEVT-SMBus 
Slave Event Register 
(10) 
153 


7.3.12. 5MBSLVDAT-SMBus 
Slave Data Register (10) 
153 


8.0. PCI/ISA 
BRIDGE 
FUNCTIONAL 
DESCRIPTION 
154 


8.1. Memory and 10 Address Map 
154 
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8.1.1. I/O Accesses 
154 


8.1.2. Memory Address 
Map 
: 
154 


8.1.3. BIOS Memory 
155 


8.2. PCI Interlace 
157 


8.2.1. Transaction 
Termination 
157 


8.2.2. Parity Support 
157 


8.2.3. PCI Arbitration 
157 


8.3. ISAlEIO 
Interlace 
158 


8.4. DMA Controller 
158 


8.4.1. DMA Transfer 
Modes 
159 


8.4.2. DMA Transfer Types 
160 


8.4.3. DMA Timings 
161 


8.4.4. DMA Buffer for Type F Transfers 
.................................................•.................................................... 
161 


8.4.5. DREQ and DACK# Latency Control. 
161 


8.4.6. Channel 
Priority 
162 


8.4.7. Register 
Functionality 
162 


8.4.8. Address 
Compatibility 
Mode 
162 


8.4.9. Summary 
of DMA Transfer 
Sizes 
163 


8.4.9.1. Address 
Shifting When Programmed 
for 16-Bit I/O Count by Words 
163 


8.4.10. Autoinitialize 
163 


8.4.11. Software Commands 
164 


·8.4.12. 
ISA Refresh Cycles 
164 


8.5. PCI DMA .........................................................................•......................................................................... 
165 


8.5.1. PC/PC I DMA 
165 


8.5.2. Distributed 
DMA 
168 


8.6. Interrupt Controller 
171 


8.6.1. Programming 
the Interrupt Controller 
172 


8.6.2. End-of-Interrupt 
Operation 
173 


8.6.3. Modes of Operation 
173 


8.6.4. Cascade 
Mode 
175 


8.6.5. Edge and Level Triggered 
Mode 
175 


8.6.6. Interrupt Masks 
176 


8.6.7. Reading the Interrupt Controller 
Status 
176 


8.6.8. Interrupt Steering 
177 


8.7. Serial Interrupts 
178 


8.7.1. Protocol 
178 


8.8. Timer/Counters 
180 


8.8.1. Programming 
the Interval Timer 
180 


8.9. Real Time Clock 
183 


8.9.1. RTC Registers 
and RAM 
183 


8.9.1.1. Control Register A 
185 


8.9.1.2. Control Register B 
186 


8.9.1.3. Control Register C 
187 
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8.9.1.4. Control Register 
D 
187 


8.9.2. RTC Update Cycle 
188 


8.9.3. RTC Interrupts 
188 


8.9.4. Lockable 
RAM Ranges 
188 


8.9.5. RTC External Connections 
188 


8.10. X-Bus Support 
188 


8.11. Reset Support 
189 


8.12. Stand-Alone 
I/O APIC Support 
190 


9.0.IDE 
CONTROLLER 
FUNCTIONAL 
DESCRIPTION 
191 


9.1. IDE Signal Configuration 
191 


9.2. ATA Register Block Decode 
192 


9.3. PlO IDE Transactions 
193 


9.4. Bus Master Function 
, 
195 


9.5. "Ultra DMA/33" Synchronous 
DMA Operation 
: 
, 
197 


10.0. use HOST CONTROLLER 
FUNCTIONAL 
DESCRIPTION 
199 


11.0. POWER 
MANAGEMENT 
FUNCTIONAL 
DESCRIPTION 
201 


11.1. Power Management 
Overview 
201 


11.2. Clock Control 
202 


11.2.1. Host Clock Control Mechanisms 
202 


11.2.2. Stop Clock and Deep Sleep State Example Sequence 
208 


11.2.3. PCI Clock Control 
210 


11.3. Peripheral 
Device Management 
210 


11.3.1. Device Idle Timer 
211 


11.3.2. Device Trap 
212 


11.3.3. Peripheral 
Device Management 
Sequence 
212 


11.3.4. Device Location on PCI Bus or ISA Bus 
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11.3.5. Device Specific 
Details 
215 


11.3.5.1. 
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215 


11.3.5.2. 
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216 


11.3.5.3. 
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Drive 0 ...................................................................•......................... 
216 
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Drive 1 
217 


11.3.5.5. 
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218 


11.3.5.6. 
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219 
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220 
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Device 11: User Interface (Keyboard, 
Mouse, Video) 
225 
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82371 AB PCI ISA IDE Xcelerator (PIIX4) Features 
• Supported 
Kits for both Pentium@ and 
• Integrated 
IDE Controller 
Pentium@ Pro Microprocessors 
Independent 
Timing 
of Up to 4 Drives 
- 
82430TX ISA Kit 
PlO Mode 4 Transfers 
Up to 14 
- 
82440LX ISAlDP Kit 
Mbytes/s 
• Multifunction 
PCI to ISA Bridge 
Supports 
"Ultra 
DMAl33" 
Synchronous 
DMA Mode Transfers 
Up 
Supports 
PCI at 30 MHz and 33 MHz 
to 33 Mbytes/s 
Supports 
PCI Rev 2.1 Specification 
Integrated 
8 x 32-Bit Buffer for IDE PCI 
Supports 
Full ISA or Extended 
VO 
Burst Transfers 
(EIO) Bus 
Supports 
Glue-Less 
"Swap-Bay" 
Supports 
Full Positive 
Decode or 
Option With Full Electrical 
Isolation 
Subtractive 
Decode of PCI 
Supports 
ISAlEIO at 1/4 of PCI 
• Interrupt 
Controller 
Based on Two 82C59 
Frequency 
1'5 interrupt 
support 
• Supports 
Both Mobile and Desktop 
Independently 
Programmable 
for 
Edge/Level 
Sensitivity 
Deep Green Environments 
Supports 
Optional 
I/O APIC 
3.3 V Operation 
With 5 V Tolerant 
Serial Interrupt 
Input 
Buffers 
Ultra-Low 
Power for Mobile 
• Timers 
based on 82C54 
Environments 
- 
System Timer, Refresh Request, 
Power-On 
Suspend 
and Soft-OFF for 
Speaker Tone Output 
Desktop 
Environment 
• USB 
All Registers 
Readable/Restorable 
Two USB 1.0 Ports for Serial Transfers 
for Proper Resume From 0 V 
at 12 or 1.5 Mbitls 
Suspend 
Supports 
Legacy Keyboard 
and 
• Power Management 
Logic 
Mouse Software 
With USB-Based 
Global and Local Device 
Keyboard 
and Mouse 
Management 
Supports 
UHCI Design Guide Revision 
Suspend/Resume 
Logic 
1.1 Interface 
Supports 
Thermal 
Alarm 
• 5MBus 
Support 
for External 
Microcontroller 
Host interface 
Allows 
CPU to 
Full Support 
for Advanced 
Communicate 
via 5MBus 
Configuration 
and Power Interface 
Slave Interface 
Allows 
External 
(ACPI) Specification 
and OS Directed 
5MBus 
Master to Control 
Resume 
Power Management 
Events 
• 
Enhanced 
DMA Controller 
• 
Real-Time Clock 
Two 82C37 DMA Controllers 
- 
256-Byte 
Battery-Back 
CMOS SRAM 
Supports 
PCI DMA With 3 PC/PC I 
- 
Includes 
Date Alarm 
Channels 
and Distributed 
DMA 
- 
Two 8-Byte Lockout 
Ranges 
Protocols 
(Simultaneously) 
• Microsoft* 
Windows 
95* Compliant 
Fast Type-F DMA for Reduced 
PCI 
Bus Usage 
• 324 mBGA Package 


REFERENCE INFORMATION: The information in this document is provided as a supplement to the 
standard package datasheets published for the Intel 82371AB (PIIX4) PCI ISA IDE Xcelerator. Please refer 
to the standard package datasheet (order number 290562 for the PIIX4) for product information and specifi- 
cations not found in this document. 


NOTICE: This document contains preliminary information on new products in production. The specifications 
are subject to change without notice. Verify with your local Intel Sales office that you have the latest 
datasheet before finalizing a design. 
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1.0 
Introduction 


This document 
contains 
the electrical 
and the thermal 
specifications 
for the 82371AB 
(PIIX4). 
PIIX4 is a multi- 


function 
PCI device 
implementing 
a PCI-to-ISA 
bridge 
function, 
a PCI IDE function, 
a Universal 
Serial 
Bus 


HosVHub function, 
and a Power Management 
function. 


The contents 
of this document 
are based on simulation 
and parametric 
data. This information 
may be modified 


as more data is available. 


1.1 
References 


The reader should be familiar with the following 
documents: 


• 82371AB 
PCI-to-ISAlIDE 
Xcelerator 
(PIIX4) datasheet 


• Universal 
Serial Bus Specification 


• Universal 
Host Controller 
Interface 
(UHCI) Design Guide 


• System 
Management 
Bus Specification 


• Serialized 
IRQ Support for PCI Systems 
Specification 


• Distributed 
DMA Support 
for PCI Systems 
Specification 


2.0 
Electrical Characteristics 


2.1 
Absolute Maximum Ratings 


Case temperature 
under bias 
0° C to +85° C 


Storage 
temperature 
-55° C to +150° C 


Voltage 
on any pin with respect to ground 
-0.3 to Vcc +0.3 V 
3.3 V supply voltage with respect to Vss 
-0.3 to +4.6 V 


5.0 V supply voltage with respect to Vss (VREF) 
-0.3 to +5.5 V 


Maximum 
Power Dissipation 
1.0 W 


WARNING: 
Stressing 
the device beyond the "Absolute Maximum 
Ratings" may cause permanent 
damage. 
These are stress ratings 


only. Operation 
beyond 
the "Operating 
Conditions' 
is not recommended 
and extended 
exposure 
beyond 
the "Operating 
Conditions' 


may affect device reliability. 


The 82371AB 
PIIX4 (BGA) is designed 
for operation 
at case temperatures 
between 
O°C and 85°C. The thermal 


resistances 
of the package 
are given in Table 
1. 


Table 
1. Package 
Thermal 
Resistance 


Air Flow 


Parameter 
Meters/Second 
(Linear 
Feet per Minute) 


0(0) 
1.0 (196.9) 


9ja (OC/Watt) 
29 
24.5 


9jc (OC/Watt) 
9.0 
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2.2 
D.C.Characteristics 


, 
Table 
2. DC Characteristics 
(Sheet 1 of 2) 
. 
Functional 
Operating 
Range 
(VREF = 5 V % 5%, V cc = 3.3 V % 0.3 V, TCASE = 0" C to +85" C) 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


VcC<RTC) 
Battery Voltage 
2.0 
3.6 
V 


VcC<SUS) 
Standby 
Voltage 
3.0 
3.6 
V 


V1U 
Input Low Voltage 
-0.5 
0.3 Vcc 
V 
1 


V1H1 
Input High Voltage 
0.5 Vcc 
Vcc + 0.5 
V 
1 


V1l2 
Input Low Voltage 
-0.3 
0.6 
V 
1 
. 


V1H2 
Input High Voltage 
1.4 
Vcc + 0.3 
V 
1 


"- 


V1L3 
Input Low Voltage 
-0.5 
0.8 
V 
1 


V1H3 
Input High Voltage 
2.0 
VCC5+ 
V 
1 
0.5 


VOL1 
Output 
Low Voltage 
0.4 
V 
1 


VOH1 
Output 
High Voltage 
Vcc - 0.5 
V 
1 


VOL2 
Output 
Low Voltage 
0.3 
V 
1.2 


VOH2 
Output 
High Voltage 
2.8 
3.6 
V 
1.2 


VOL3 
Output Low Voltage 
0.5 
V 
1 
n, 


VOH3 
Output 
High Voltage 
Vcc - 0.5 
V 
1 


VOL4 
Output Low Voltage 
0.45 
V 
1 


VOH4 
Output High Voltage 
Vcc - 0.5 
V 
1 


VD! 
Differential 
Input Sensitivity 
0.2 
V 
I(USBPx+. 
USBPx-)1 


VCM 
Differential 
Common 
Mode Range 
0.8 
2.5 
V 
Includes 
VD! 


VSE 
Single Ended Rcvr Threshold 
0.8 
2.0 
V 


Iou 
Output 
Low Current 
4 
mA 
1. @ Vou 


IOH1 
Output High Current 
-1 
mA 
1. @ VOH1 


IOl2 
Output Low Current 
10 
mA 
1. @ VOL4 


IOH2 
Output High Current 
-3 
mA 
1. @ VOH4 


IOL3 
Output Low Current 
3 
mA 
1. @ Vou 


IOH3 
Output 
High Current 
-2 
mA 
1. @ VOH1 


IOL4 
Output Low Current 
6 
mA 
1. @ Vou 


IOH4 
Output 
High Current 
-2 
mA 
1. @ VOH1 


IOL5 
Output Low Current 
2 
mA 
1. @ VOl2 


NOTES: 


1. 
Refer to Table 3 for the signals 
associated 
with this specification. 


2. 
VOL2 assumes 
RL of 1.5 KO to 3.6 V and VOH2 assumes 
RL of 15 KO to GND. 
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Table 2. 
DC Characteristics 
(Sheet 2 of 2) 


Functional 
Operating 
Range 
(VREF = 5 V:t 5%, Vcc = 3.3 V:t 0.3 V, TCASE = 00 C to +850 C) 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


10HS 
Output 
High Current 
-0.25 
mA 
1. @ VOH2 


IOl6 
Output Low Current 
.- 
6 
mA 
1. @ VOL1 


IOH6 
Output High Current 
-2 
mA 
1. @ VOH1 


IOl7 
Output Low Current 
7 
mA 
1. @ VOL1 


IOH7 
Output High Current 
-2 
mA 
1. @ VOH1 


IOl8 
Output Low Current 
11 
mA 
1. @ VOl3 


IOH8 
Output High Current 
-2 
mA 
1. @ VOH3 


IU1 
Input Leakage 
Current 
:t 1 
IJA 


IU2 
Hi-Z State Data Line Leakage 
-10 
+10 
IJA 
(0 V< VIN< 3.3 V) 
(.;IN 
Input capacitance 
12 
pF 
Fe = 1 MHz 


Co UT 
Output Capacitance 
,. 
12 
pF 
Fe = 1 MHz 


(.;1/0 
I/U capacrtance 
12 
pF 
Fe = 1 MHz 
(.;l 
Crystal i.oao capacnence 
7.5 
15 
pF 


NOTES: 


1. 
Refer to Table 
3 for the signals 
associated 
with this specification. 


2. 
VOL2 assumes 
RL of 1.5 KO to 3.6 V and VOH2 assumes 
RL of 15 KO to GND. 
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Table 
3. 
DC Characteristic 
Signal 
Association 
(Sheet 
1 of 2) 


Symbol 
Associated 
Signals 


V11l IV1H1 
VREF=5.0 
V: (all 3.3 V only inputs except 5MBCLK 
& 5MBDATA) 


PWROK, 
RSMRST#, 
RTCX1, TEST, 
BATLOW#, 
CONFIG[1:2), 
EXTSMI#, 
GPI[1),IRQ8#, 


LID, RI#, 5MBALERT#, 
PWRBTN#, 
USBP[1 :0)+, USBP[1 :0)-, FERR# 


VREF=3.3 
V: (all inputs except 5MBCLK 
& 5MBDATA) 


PWROK, 
RSMRST#, 
RTCX1, TEST, 
BATLOW#, 
CONFIG[1:2), 
EXTSMI#, 
GPI[1),IRQ8#, 


LID, RI#, 5MBALERT#, 
PWRBTN#, 
USBP[1 :0)+, USBP[1 :0)-, FERR#, AD[31 :0), C/BE[3:0)#, 
CLKRUN#, 
DEVSEL#, 
FRAME#, 
IDSEL, 
IRDY#, 
PHLDA#, 
SERR#, 
STOP#, TRDY#, 
IOCHK#, 
IOCHRDY, 
IOCS16#, 
IOR#, IOW#, LA[23:17), 
MEMCS16#, 
MEMR#, 
MEMW#, 


REFRESH#, 
SA[19:0), 
SBHE#, 
SD[15:0), 
ZEROWS#, 
A20GATE, 
RCIN#, 
DREQ[0:3, 
5:7), 


REQ[A:C)#, 
APICREQ#,IRQ[1, 
3:7, 9:12,14:15), 
PIRQ[A:D), 
SERIRQ, 
CLK48, 
PCICLK, 


OSC, PDD[15:0), 
PDDREQ, 
PIORDY, 
SDD[15:0), 
SDDREQ, 
SIORDY, 
OC[1 :0)#, 


PCIREQ[A:D),THRM# 


V1L2IV1H2 
5MBCLK, 
5MBDATA 


VIL3/VIH3 
VREF=5.0 
V: (all 5 V tolerant 
inputs) 


AD[31 :0), C/BE[3:0)#, 
CLKRUN#, 
DEVSEL#, 
FRAME#, 
IDSEL, 
IRDY#, PHLDA#, 
SERR#, 


STOP#, 
TRDY#, 
IOCHK#, 
IOCHRDY, 
IOCS16#,IOR#,IOW#, 
LA[23:17), 
MEMCS16#, 
MEMR#, 
MEMW#, 
REFRESH#, 
SA[19:0), 
SBHE#, SD[15:0), 
ZEROWS#, 
A20GATE, 
RCIN#, 


DREQ[0:3, 
5:7), REQ[A:C)#, 
APICREQ#, 
IRQ[1, 3:7, 9:12,14:15), 
PIRQ[A:D), 
SERIRQ, 


CLK48, 
PCICLK, OSC, PDD[15:0), 
PDDREQ, 
PIORDY, 
SDD[15:0), 
SDDREQ, 
SIORDY, 


OC[1 :0)#, PCIREQ[A:D),THRM# 


VOll 
IVOH1 
PDA[2:0), 
PDCS1#, 
PDCS3#, 
PDD[15:0), 
PDDACK#, 
PDIOR#, 
PDIOW#, 
SDA[2:0), 


SDCS1#, 
SDCS3#, 
SDD[15:0), 
SDDACK#, 
SDIOR#, 
SDIOW#, 
CPU_STP#, 
EXTSMI#, 
ZZ, 


GP08, 
PCI_STP#, 
5MBCLK, 
5MBDATA, 
SUS[A:C)#, 
SUS_STAT[1:2)#, 
A20M#, 
CPURST, 


IGNNE#, 
INIT, INTR, NMI, SMI#, STPCLK#, 
BIOSCS#, 
KBCCS#, 
MCCS#, 
PCSO#, PCS1#, 


RTCALE, 
RTCCS#, 
XDIR#, XOE#, SUSCLK, 
RTCX2, 5MBCLK, 
5MBDATA, 
APICACK#, 


APICCS#, 
IRQ[O, 8), SPKR, GNT[A:C), 
GPO[O, B, 27, 28, 30), IRQ90UT#, 
AD[31:0), 


C/BE[3:0)#, 
CLKRUN#, 
DEVSEL#, 
FRAME#, 
IRDY#, PAR, PCIRST#, 
PHOLD#, 
SERR#, 


STOP#, 
TRDY#, 
SERIRQ 


VOL2I VOH2 
USBP[1 :0)+, USBP[1 :0)- 


VOL3/VOH3 
SLP# 


VOL4 I VOH4 
ISAlEIO 
Output 
Signals: 
AEN, BALE, IOCHRDY, 
IOR#,IOW#, 
LA[23:17), 
MEMCS16#, 


MEMR#, 
MEMW#, 
REFRESH#, 
RSTDRV, 
SA[19:0), 
SBHE#, 
SD[15:0), 
SMEMR#, 


SMEMW#, 
SYSCLK, 
DACK[0:3, 
5:7)#, TC 


lOll 
IIOHl 
IDE Output 
Signals: 
PDA[2:0), 
PDCS1#, 
PDCS3#, 
PDD[15:0), 
PDDACK#, 
PDIOR#, 
PDIOW#, 
SDA[2:0), 
SDCS1#, 
SDCS3#, 
SDD[15:0), 
SDDACK#, 
SDIOR#, 
SDIOW# 


IOL2I IOH2 
ISAlEIO 
Output 
Signals: 
AEN, BALE, IOCHRDY, 
IOR#, IOW#, LA[23:17), 
MEMCS16#, 


MEMR#, 
MEMW#, 
REFRESH#, 
RSTDRV, 
SA[19:0), 
SBHE#, 
SD[15:0), 
SMEMR#, 
SMEMW#, 
SYSCLK, 
DACK[0:3, 
5:7)#, TC 
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Table 
3. 
DC Characteristic 
Signal 
Association 
(Sheet 2 of 2) 


Symbol 
Associated 
Signals 


IOL3/IOH3 
Power 
Management 
Signals: 
CPU_STP#, 
EXTSMi#, 
ZZ, GP08, 
PCI_STP#, 
5MBCLK, 


5MBDATA, 
SUS[A:C]#, 
SUS_STAT[1:2]# 


CPU Interface 
Signals: 
A20M#, 
CPURST, 
IGNNE#, 
INTR, NMI 


X-Bus 
Interface 
Signals: 
BIOSCS#, 
KBCCS#, 
MCCS#, 
PCSO#, PCS1#, 
RTCALE, 


RTCCS#, 
XDIR#, XOE#, SUSCLK, 
RTCX2 


Other 
Signals: 
5MBCLK, 
5MBDATA, 
APICACK#, 
APICCS#, 
IRQ[O, 8], SPKR, GNT[A:C], 


GPO[O, 8, 27, 28, 30], IRQ90UT# 


IOL4/IOH4 
PCI Bus Signals: 
AD[31 :0], C/BE[3:0]#, 
CLKRUN#, 
DEVSEL#, 
FRAME#, 
IRDY#, 
PAR, 


PCIRST#, 
PHOLD#, 
SERR#, 
STOP#, 
TRDY#, 
SERIRQ 


IOL5/IOH5 
USB Signals: 
USBP[1 :0]+, USBP[1 :0]- 
, 


IOL6/IOH6 
SMI#, STPCLK# 


w 


IOL7/IOH7 
INIT# 


IOLS/ IOHS 
SLP# 
, 


Table 4. DC Current 
Characteristics 


Functional 
Operating 
Range 
(VREF = 5 V:I:: 5%, Vcc = 3.3 V:I:: 0.3 V, T CASE = 00 C to +850 C) 


Symbol 
Parameter 
Typ 
Max 
Unit 
Notes 


Icc(3 
V) 
Vcc Supply Current 
110 
155 
mA 


Icc(SUS) 
Suspend 
Well Supply Current 
- Full On 
3 
5 
mA 


ON 


Icc(SUS) 
Suspend 
Well Supply Current 
- Power On 
30 
150 
!lA 


POS/STR 
Suspend 
or Suspend 
to RAM 


Icc(SUS) 
Suspend 
Well Supply Current 
- Suspend 
to 
9 
150 
!lA 


STD/Soft 
Disk or Soft Off 


Icc(RTC) 
Battery Standby 
Current 
6 
8 
!lA 
Vcc(RTC) 
= 3.0 V 


Mech Off State 
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2.3 
A.C.Characteristics 


Table 
5. CLOCK/RESET 
TIMINGS 
(Sheet 1 of 2) 


Functional 
Operating 
Range 
(VREF = 5 V :t 5%, Vcc = 3.3 V :t 0.3 V, TCASE = 00 C to +850 C) 


Sym 
Parameter 
Min 
Max 
Units 
Notes 
Figures 


PCI Clock 
Timings 


PCICLK 


t1a 
Period 
30 
33.3 
ns 
2 


t1b 
High Time 
12.0 
ns 
2 


t1c 
Low Time 
, 
12.0 
ns 
2 


t1c 
Rise Time 
3.0 
ns 
2 


t1d 
Fall Time 
3.0 
ns 
2 


ISA Clock 
Timings 


SYSCLK 


t1f 
Period 
120 
133.3 
ns 
2 


t1g 
High Time 
t 
... 
49 
ns 
2 


t1h 
Low time 
49 
ns 
2 


t1 i 
RiseTime 
4 
ns 
2 


t1j 
Fall time 
i 
4 
ns 
2 


Oscillator 
Clock 
Timings 


OSC 


t11 
OSC Period 
67 
70 
ns 
2 


t1m 
High Time 
20 
2 


t1n 
Low time 
20 
ns 
2 


use Clock 
Timings 


fclk48 
Operating 
Frequency 
48 
MHz 


t1p 
Frequency 
Tolerance 
I 
:t2500 
ppm 
. 1 
2 


t1q 
High Time 
7 
ns 
2 


t1 r 
Low time 
7 
ns 
2 


t1s 
Rise Time 
1.2 
ns 
2 


t1l 
Fall Time 
1.2 
ns 
2 


Suspend 
Clock 
Timings 


NOTES: 


1. 
The USBCLK 
is a 48 MHz clock; it expects 
a 40/60% 
duty cycle. 


2. 
The maximum 
high time (t2b Max) provides 
a simple 
guaranteed 
method 
for devices 
to detect bus idle conditions. 


3. 
t2j is measured 
as a transition 
time through 
the threshold 
region Vo1=0.8 V and Voh=2.0 V. 
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Table 
5. CLOCKlRESET 
TIMINGS 
(Sheet 2 of 2) 


Functional 
Operating 
Range 
(VREF = 5 V:I: 5%, Vcc = 3.3 V:I: 0.3 V, TCASE = 00 C to +850 C) 


Sym 
Parameter 
Min 
Max 
Units 
Notes 
Figures 


fsusclk 
SUSCLK 
Operating 
Frequency 
32 
KHz 


t1v 
High time 
10 
IJs 


t1w 
Low Time 
10 
IJs 


5MBus 
Clock 


fsmb 
SMCLK 
Operating 
Frequency 
10 
16 
KHz 


12b 
High time 
4.0 
50 
IJs 
2 
40 


t2c 
Low time 
4.7 
IJs 
40 


t2d 
Clock/Data 
Rise time 
1000 
ns 
40 


12e 
Clock /Data Fall time 
300 
ns 
40 


RESET TIMINGS 


12f 
PCIRST#. 
RSTDRV 
Driven Inactive After 
1 
RTCCLK 
3 
SUS_STATx# 
is Driven Inactive. 


t2g 
CPURST. 
PCIRST#. 
RSTDRV 
Active Pulse 
1 
ms 
4 
Width. 
Initiated via the RC Register. 


t2h 
CPURST 
Driven Inactive After PCIRST# 
is 
1 
RTCCLK 
3 


Driven Inactive. 


12i 
CPURST 
Valid Delay from PCICLK 
Rising 
2 
25 
ns 
29 


12j 
PWROK. 
RSMRST# 
Rise time 
10 
ns 
3 


SMI# 


t3a 
Valid Delay from PCICLK 
2 
25 
ns 
7 


t3b 
Active 
Pulse Width 
3 
PCICLK 
5 


t3c 
Inactive 
Pulse Width 
4 
PCICLK 
5 


EXTSMI# 


t3d 
Active 
Pulse Width 
2 
PCICLK 
5 


t3e 
Inactive 
Pulse Width 
. 
4 
PCICLK 
5 


t3f 
Valid Setup to PCICLK 
10 
ns 
6 


t3g 
Valid Hold from PCICLK 
4 
ns 
6 


STPCLK# 


t3h 
Valid Delay from PCICLK 
2 
25 
ns 
7 


t3i 
STPCLK# 
Inactive 
Pulse Width 
5 
PCICLK 
5 


NOTES: 


1. 
The USBCLK 
is a 48 MHz clock; it expects 
a 40/60% 
duty cycle. 


2. 
The maximum 
high time (t2b Max) provides 
a simple guaranteed 
method 
for devices 
to detect bus idle conditions. 


3. 
t2j is measured 
as a transition 
time through 
the threshold 
region Vo1=0.8 V and Voh=2.0 V. 
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Table 
6. 
PIIX4 as Master 
Timings 
(Sheet 1 of 3) 


Functional 
Operating 
Range 
(VREF = 5 V ± 5%, Vcc = 3.3 V ± 0.3 V, TCASE = 00 C to +850 C) 


Sym 
Parameter 
Min 
Max 
Units 
Type 
Size 
Notes 
Figure 


BALE 


t4a 
BALE Pulse Width 
SO 
ns 
M,I/O 
8,16 
8,9,10, 
11 


t4b 
BALE Driven Active from MEMx#, 
lox# Inactive 
44 
ns 
M,I/O 
8,16 
8,9,10, 
11 


LA[23:17) 


tSa 
LA[23:17] 
Valid Setup to BALE Inactive 
1S0 
ns 
M 
8,16 
1 
8,9 


tSb 
LA[23:17] 
Valid Hold from BALE Inactive 
26 
ns 
M 
8,16 
8,9 


tSc 
LA[23:17] 
Valid Setup to MEMx# Active 
1S0 
ns 
M 
16 
9 


tSd 
LA[23:17] 
Valid Setup to MEMx# Active 
173 
ns 
M 
8 
8 


tSe 
LA[23:17] 
Invalid from MEMx# Active 
39 
ns 
M 
16 
9 


tSf 
LA[23:17] 
Invalid from MEMx# Active 
39 
ns 
M 
8 
8 


SA[19:0), 
SBHE# 


t6a 
SA[19:0], 
SBHE# Valid Setup to MEMx# Active 
34 
ns 
M 
16 
2,3 
9 


t6b 
SA[19:0], 
SBHE# Valid Setup to lox# Active 
100 
ns 
110 
16 
11 


t6c 
SA[19:0], 
SBHE# Setup to MEMx#, 
lox# Active 
100 
ns 
M,I/O 
8 
8, 10 


t6d 
SA[19:0], 
SBHE# Valid Setup to BALE Inactive 
37 
ns 
M,I/O 
8,16 
2,3 
8,9,10, 


11 


t6e 
SA[19:0], 
SBHE# 
Valid Hold from MEMx#, 
lox# 
41 
ns 
M,I/O 
8,16 
8,9,10, 


Inactive 
11 


MEMR#, 
MEMW#, 
IOR# and IOW# 


t7a 
MEMx# Active Pulse Width (std) 
22S 
ns 
M 
16 
9 


t7b 
lox# Active 
Pulse Width (std) 
160 
ns 
110 
16 
11 


t7c 
MEMx# Active Pulse Width (nws) 
10S 
ns 
M 
16 
4 
9 


t7d 
MEMx# or lox# Active 
Pulse Width (std) 
S20 
ns 
M,I/O 
8 
8,10 


t7e 
MEMx# or lox# Active 
Pulse Width (nws) 
160 
ns 
M,I/O 
8 
4 
8,10 


t7f 
MEMx# 
Inactive 
Pulse Width 
103 
ns 
M 
16 
9 


t7g 
MEMx# 
Inactive 
Pulse Width 
163 
ns 
M 
8 
8 


t7h 
lox# Inactive 
Pulse Width 
163 
ns 
110 
8,16 
10,11 


NOTES: 


1. 
36 ns has been added 
to the ISA specification 
to meet ZEROWS# 
setup 
requirements. 


2. 
56 ns has been added to the ISA specification 
to meet MEMCS 16# setup requirements. 
ISA devices 
should 
not use the SA 


address 
as part of their MEMCS16# 
decode. 
However, 
some devices 
do use SA as part of MEMCS16# 
decode. 


3. 
For back-to-back 
"sub cycles" 
generated 
as a result of byte assembly 
or disassembly, 
this specification 
is 34 ns. 


4. 
No-wait-state 
(ZEROWS#) 
asserted. 
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Table 
6. 
PIIX4 as Master 
Timings 
(Sheet 2 of 3) 


Functional 
Operating 
Range 
(VREF = 5 V:t 
5%, Vcc = 3.3 V:t 
0.3 V, TCASE = 0 
0 C to +85 
0 C) 


Sym 
Parameter 
Min 
Max 
Units 
Type 
Size 
Notes 
Figure 


t7i 
MEMx#. 
lox# Driven Inactive 
from 10CHRDY 
120 
ns 
M,I/O 
8,16 
8,9,10, 


Active 
11 


SMEMR# 
and SMEMW# 


t8a 
SMEMR# 
& SMEMW# 
Propagation 
Delay from 
16 
ns 
M 
8,16 
8,9 
MEMR# 
and MEMW# 


Read Data 


t9a 
Read Data Driven from MEMR#, 
10R# Active 
0 
ns 
M,I/O 
8,16 
8,9,10, 


11 


t9b 
Read Data Valid Setup to METMR#, 10R# 
24 
ns 
M,IIO 
8,16 
8,9,10, 
11 
. 


t9c 
Read Data Valid Hold from MEMR#, 
10R# 
0 
ns 
M,I/O 
8,16 
8,9,10, 


Inactive 
11 


t9d 
Read Data three stated from MEMR# and 10R# 
41 
ns 
M,I/O 
8,16 
8,9,10, 


Inactive 
11 


Write 
Data 


t10a 
Write Data Valid Setup to MEMW# 
Active 
-40 
ns 
M,I/O 
8,16 
8,9,10, 


Write Data Valid Setup to 10W# Active 
-40 
ns 
M,I/O 
8 
11 


Write Data Valid Setup to 10W# Active 
+23 
ns 
M,I/O 
16 


t10b 
Write Data Valid Hold from MEMW#, 
10W# 
45 
ns 
M,I/O 
8,16 
8,9,10, 


Inactive 
11 


t10c 
Write Data three stated from MEMW#, 
10W# 
105 
ns 
M,I/O 
8,16 
8,9,10, 


Inactive 
11 


t10d 
Write Data Driven Valid after Read MEMR#, 
41 
ns 
M,I/O 
8,16 
8,9,10, 


10R# Inactive 
11 


MEMCS16# 


t11a 
MEMCS16# 
Driven Active from LA[23:17] 
Valid 
94 
ns 
M 
16 
9 


t11 b 
MEMCS16# 
Inactive from LA[23:17] 
Valid 
91 
ns 
M 
8 
8 


t11c 
MEMCS16# 
Valid Hold from LA[23:17] 
Invalid 
0 
ns 
M 
16 
9 


t11d 
MEMCS16# 
Driven Active from SA[19:2] 
Valid 
35 
ns . 
M 
16 
9 


IOCS16# 


t12a 
IOCS16# 
Driven Active from Valid SA[19:0] 
123 
ns 
1/0 
16 
11 


t12b 
IOCS16# 
Inactive from Valid SA[19:0] 
91 
ns 
1/0 
8 
10 


NOTES: 


1. 
36 ns has been added to the ISA specification 
to meet ZEROWS# 
setup requirements. 


2. 
56 ns has been added to the ISA specification 
to meet MEMCS16# 
setup requirements. 
ISA devices 
should 
not use the SA 
address 
as part of their MEMCS16# 
decode. 
However, 
some devices 
do use SA as part of MEMCS16# 
decode. 


3. 
For back-to-back 
"sub cycles' 
generated 
as a result of byte assembly 
or disassembly. 
this specification 
is 34 ns. 


4. 
No-wait-state 
(ZEROWS#) 
asserted. 
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Table 
6. 
PIIX4 as Master 
Timings 
(Sheet 3 of 3) 


Functional 
Operating 
Range 
(VREF = 5 V ~ 5%, Vcc = 3.3 V ~ 0.3 V, TCASE = 0 
0 C to +85 
0 C) 


Sym 
Parameter 
Min 
Max 
Units 
Type 
Size 
Notes 
Figure 


t12c 
IOCS16# 
Valid Hold from SA[19:0] 
Invalid 
0 
ns 
I/O 
16 
11 


t12d 
IOCS16# 
Driven Active from lox Active 
80 
ns 
110 
16 
11 


ZEROWS# 


t13a 
ZEROWS# 
Driven Active from MEMx# Active 
16 
ns 
M 
16 
9 


t13b 
ZEROWS# 
Driven Active from MEMx#, 
lox# 
80 
ns 
M,IIO 
8 
8,10 
Active 


t13c 
ZEROWS# 
Driven Active from LA[23:17] 
Valid 
180 
ns 
M 
16 
9 


t13d 
ZEROWS# 
Driven Active from LA[23:17] 
Valid 
300 
ns 
M 
8 
8 


ZEROWS# 


t13e 
ZEROWS# 
Driven Active from SA[19:0]. 
80 
ns 
M 
16 
9 
SBHE# 
Valid 


t13f 
ZEROWS# 
priven 
Active from SA[19:0], 
200 
ns 
M,IIO 
8 
8,10 
SBHE# 
Valid 


AEN 


t14a 
AEN Valid Setup to lox# Driven Active 
111 
ns 
I/O 
8,16 
10,11 


t14b· 
AEN Valid Setup to BALE Driven Inactive 
111 
ns 
I/O 
8,16 
10,11 


t14c 
AEN Valid Hold from lox# Driven Inactive 
41 
ns 
I/O 
8,16 
10,11 


IOCHRDY 


t15a 
10CHRDY 
Driven Valid from MEMx#, 
lox# 
78 
ns 
M,I/O 
16 
9,11 
Active 


t15b 
10CHRDY 
Driven Valid from MEMx#, 
lox# 
366 
ns 
M,IIO 
8 
8,10 
Active 


t15e 
10CHRDY 
Inactive 
Pulse Width· 
0.12 
15.6 
j.Js 
M,IIO 
8,16 
8,9,10, 


11 


NOTES: 


1. 
36 ns has been added to the ISA specification 
to meet ZEROWS# 
setup 
requirements. 


2. 
56 ns has been added to the ISA specification 
to meet MEMCS 16# setup requirements. 
ISA devices 
should 
not use the SA 
address 
as part of their MEMCS16# 
decode. 
However, 
some devices 
do use SA as part of MEMCS16# 
decode. 


<, 
3. 
For back-to-back 
"sub cycles" generated 
as a result of byte assembly 
or disassembly, 
this specification 
is 34 ns. 


4. 
No-wait-state 
(ZEROWS#) 
asserted. 
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Table 
7. PIIX4 as Slave 
Timings 


Functional 
Operating 
Range 
(VREF = 5 V :t 5%, V cc = 3.3 V :t 0.3 V, TCASE = 00 C to +850 C) 


Sym 
Parameter 
Mln 
Max 
Units 
Type 
Size 
Notes 
Figure 


LA[23:11] 


t16a 
LA[23:17] 
Valid Setup to MEMx# Active 
23 
ns 
M 
16 
12 


SA[19:0],SBHE# 


t17a 
SA[19:0],SBHE# 
Setup to MEMx# Active 
23 
ns 
M 
16 
12 


t17b 
SA[19:0],SBHE# 
Setup to lox# Active 
89 
ns 
1/0 
8 
13 


t17c 
SA[19:0],SBHE# 
Valid Hold from MEMx#, 
lox# 
30 
ns 
M,I/O 
8,16 
12,13 
Inactive 


MEMR#, 
MEMW#, 
IOR#, IOW# 


t18a 
MEMx# Active Pulse Width 
214 
ns 
M 
16 
12 


t18b 
lox# Active Pulse Width 
509 
ns 
1/0 
8 
13 


t18c 
MEMx# 
Inactive 
Pulse Width 
92 
ns 
M 
16 
12 


t18d 
lox# Inactive 
Pulse Width 
152 
ns 
1/0 
8 
13 


Read Data 


t19a 
Read Data Valid from 10CHRDY 
69 
ns 
M,I/O 
8,16 
12,13 


Active 


t19b 
Read Data Valid from 10R# Active 
69 
ns 
1/0 
8 
1 
13 


t19c 
Read Data Valid Hold from MEMR#, 
10R# 
0 
ns 
M,I/O 
8,16 
12,13 
Inactive 


t19d 
Read Data Three State from MEMR#, 
10R# 
55 
ns 
M,I/O 
8,16 
12,13 
Inactive 


Write 
Data 


t20a 
Write Data Valid Setup to MEMW#, 
10W# 
-54 
ns 
M,I/O 
8,16 
12,13 
Active 


t20b 
Write Data Valid Hold from MEMW#, 
10W# 
14 
ns 
M,I/O 
8,16 
12,13 
Inactive 


MEMCS16# 


t21a 
MEMCS16# 
Driven Active from Valid LA[23:17] 
65 
ns 
M 
16 
12 


t21b 
MEMCS16# 
Float from Valid LA[23:17] 
31 
ns 
M 
16 
12 


t21c 
MEMCS16# 
Valid Hold from LA[23:17] 
Invalid 
0 
ns 
M 
16 
12 


IOCHRDY 


t22a 
10CHRDY 
Inactive from MEMx#, 
lox# Active 
50 
ns 
M,I/O 
8,16 
12,13 


t22b 
10CHRDY 
Float from 10CHRDY 
85 
ns 
M,I/O 
8,16 
2 
12,13 
Rising 


t22c 
10CHRDY 
Inactive 
Pulse Width 
0.12 
2.5 
IJs 
M,I/O 
8,16 
12,13 


NOTES: 


1. 
This applies 
to the PIIX4 cycles 
that IOCHRDY 
is not driven low. 


2. 
This specification 
includes 
both the time the P.IIX4 drives 
IOCHRDY 
active and the time it takes the PIIX4 to float 
IOCHRDY. 
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Table 
8. Interrupt 
and NMI Timings 


Functional 
Operating 
Range 
(VREF = 5 V:t 
5%, VCC = 3.3 V:t 
0.3 V, TCAS'E= O' C to +85' 
C) 


Sym I 
Parameter 
I 
Min I Max I Units I Figure 


NMITiming 


t23a ISERR#, 
IOCHK# Active to NMI Driven Active 
I 
I 
200 I 
ns 
I 
14 


Interrupt 
Timing 


t24a 
IIRQx 
inactive 
Pulse Width 
I 
100 I 
I 
ns 
I 
15 


Table 
9. ISA Bus Master 
Timings 


Functional 
Operating 
Range 
(VREF = 5 V :t 5%, V cc = 3.3 V :t 0.3 V, TCASE = O' C to +85' 
C) 


Sym 
Parameter 
' Min 
Max 
Units 
Notes 
Figure 


DACK# 


126a 
DACK#, 
Inactive from DREQ Inactive 
240 
ns 
16 


Three 
Stating 
and Driving 
the Bus 


127a 
PIIX4 Three States Address, 
Data, and Control Signals 
from 
30 
ns 
16 
DACK#, Active 


127b 
PIIX4 Drives Address, 
Data, and Control 
Signals from DACK#, 
71 
ns 
16 
Inactive 


SMEMR# 
and SMEMW# 


128a 
SMEMR# 
and SMEMW# 
Active (falling edge) from MEMR# 
and 
25 
ns 
16 
MEMW# 
Active (falling edge) 


128b 
SMEMR# 
and SMEMW# 
Inactive 
(rising edge) from MEMR# 
35 
ns 
16 
and MEMW# 
Inactive 
(rising edge) 


Data Swap 
Logic 
Timing 
(ISA Master 
to ISA slave) 


129a 
8D[7:0) 
to 8D[15:8) 
Propagation 
Delay 
26 
ns 
17 


129b 
8D[15:8) 
to 8D[7:0) 
Propagation 
Delay 
26 
ns 
17 


t29c 
PIIX4 Drives Data Bus from IOR#, IOW#, MEMR# 
or MEMW# 
26 
ns 
1 
17 


Active 


129d 
PIIX4 Three 8tates 
Bus from IOR#, MEMR#, 
or 8MEMR# 
2 
55 
ns 
1,2 
17 
Inactive 


12ge 
PIIX4 Three States Bus from IOW#, MEMW#, 
or 8MEMW# 
2 
60 
ns 
1,2 
17 
Inactive 


NOTES: 


1. 
This applies 
to the byte lane that the data has been swapped 
to. 


2. 
Data is three stated from the standard 
memory 
commands 
(SMEMR# 
or SMEMW#), 
when they are generated. 
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Table 
10. 
DMA Compatible 
Timings 
(Sheet 
1 of 2) 


Functional 
Operating 
Range 
(VREF = 5 V :t 5%, Vcc = 3.3 V :t 0.3 V, TCASE = 0 
0 C to +85 
0 C) 


Sym 
Parameter 
Min 
Max 
Units 
Notes 
Figure 


DREQ 


t30a 
DREQ Active Hold from IOR# Active 
558 
ns 
1 
19 


t30b 
DREQ Active Hold from IOW# Active 
315 
ns 
1 
18 


DACK# 


t31a 
DACK# Active to IOR# Active 
73 
ns 
19 


t31b 
DACK# Active to IOW# Active 
, 
312 
ns 
18 


t31c 
DACK# Active Hold from IOR# Inactive 
• 
100 
ns 
19 


t31d 
DACK# Active Hold from IOW# Inactive 
155 
ns 
18 


AEN and BALE 


t32a 
AEN Active to lox# Active 
111 
ns 
18,19 


t32b 
AEN and BALE Inactive from lox# Inactive 
41 
ns 
18,19 


LA[23:19), 
SA[19:0), 
SBHE# 
" 


t33a 
LA[23:19),SA[19:0), 
SBHE# 
Valid Setup to MEMx# Active 
99 
ns 
18,19 


t33b 
LA[23:19),SA[19:0), 
SBHE# Valid Hold from MEMx# 
Inactive 
51 
ns 
18,19 


MEMR#, 
MEMW#, 
IOR#, 10W# 


t34a 
IOW# and MEMW# 
Active 
Pulse Width 
465 
ns 
18,19 


t34b 
MEMR# 
Active Pulse Width 
495 
ns 
18 


t34c 
IOR# Active 
Pulse Width 
, 
760 
ns 
19 


t34d 
IOW# Inactive 
Pulse Width (continuous) 
465 
ns 
18 


t34e 
IOR# Inactive 
Pulse Width (continuous) 
160 
ns 
19 


t34f 
IOR# Active to MEMW# 
Active 
230 
ns 
19 


t349 
MEMR# 
Active to IOW# Active 
-26 
ns 
18 


t34h 
MEMR# 
Active Hold from IOW# Inactive 
40 
ns 
18 


t34i 
IOR# Active Hold from MEMW# 
Inactive 
40 
ns 
19 


t34j 
MEMx# Active Hold from IOCHRDY 
Active 
120 
ns 
18,19 


SMEMR# 
& SMEMW# 


t35a 
SMEMR# 
& SMEMW# 
Valid from MEMR# 
and MEMW# 
Valid 
15 
ns 
18,19 


Read Data 


t36a 
Read Data Valid from IOR# Active 
237 
ns 
19 


t36b 
Read Data Valiq Hold from IOR# Inactive 
0 
ns 
19 


t36c 
Read Data Float from IOR# Inactive 
61 
ns 
19 


Write 
Data 


NOTES: 


1. 
This applies 
to the last cycle of a demand 
mode DMA transfer. 


2. 
This applies 
to the byte lane that the data has been swapped 
to. 


3. 
Output from 
PIIX4. 
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infel~ 


Table 
10. 
DMA Compatible 
Timings 
(Sheet 2 of 2) 


Functional 
Operating 
Range 
(VREF = 5 V :I: 5%, Vcc = 3.3 V :I: 0.3 V, TCASE = 00 C to +850 C) 


Sym 
Parameter 
Min 
Max 
Units 
Notes 
Figure 


t37a 
Write Data Valid Setup to iOW# Inactive 
225 
ns 
18 


t37b 
Write Data Valid Hold from iOW# Inactive 
36 
ns 
18 


Data Swap 
Logic 
Timing 
(ISA to ISA Transaction) 


t38a 
SD[7:0) to SD[15:8) 
Propagation 
Delay 
26 
ns 
20 


t38b 
SD[15:8) 
to SD[7:0) 
Propagation 
Delay 
26 
ns 
20 


t38c 
PIIX4 Drives 
Data Bus from IOR# or MEMR# Active 
26 
ns 
2 
20 


t38d 
PIIX4 Three States Bus from IOR# or MEMR# 
Inactive 
55 
ns 
2 
20 


TC 


t39a 
TC Active Setup to lox# Inactive 
511 
ns 
3 
18,19 


t39b 
TC Active Hold from lox# Inactive 
71 
ns 
3 
18,19 


t39h 
TC Pulse Width 
700 
ns 
18,19 


IOCHRDY 


t40b 
IOCHRDY 
Valid from MEMx# Active 
315 
ns 
18,19 


t40c 
IOCHRDY 
Inactive 
Pulse Width 
125 
ns 
18,19 


NOTES: 


1. 
This applies 
to the last cycle of a demand 
mode DMA transfer. 


2. 
This applies 
to the byte lane that the data has been swapped 
to. 


3. 
Output 
from PIIX4. 
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Table 
11. 
DMA Type 
"F" 
Timings 


Functional 
Operating 
Range 
(VREF = 5 V:t 
5%, Vcc = 3.3 V:t 
0.3 V, TCASE = O· C to +85· C) 


Sym 
Parameter 
Min 
Max 
Units 
Notes 
Figure 


DREQ 


t55a 
DREO Active 
Hold from IOR# Active 
82 
ns 
1.2 
21 


t55b 
OREO Active 
Hold from IOW# Active 
82 
ns 
1.2 
21 


DACK# 


t56a 
DACK# Active to IOR# Active 
77 
ns 
2 
21 


t56b 
DACK# Active to IOW# Active 
77 
ns 
2 
21 


t56c 
DACK# 
Active Hold from IOR# Inactive 
30 
ns 
2 
21 


t56d 
DACK# 
Active Hold from IOW# Inactive 
30 
ns 
2 
21 


AEN and BALE 


t57a 
AEN Active to lox# Active 
111 
ns 
21 


t57b 
AEN and BALE Inactive from lox# Inactive 
41 
ns 
21 


IOR# and IOW# 


t58a 
IOR# Active 
Pulse Width 
110 
ns 
21 


t58b 
IOW# Active 
Pulse Width 
110 
ns 
21 


t58c 
IOR# Inactive 
Pulse Width (Continuous) 
115 
ns 
21 


t58d 
IOW# Inactive 
Pulse Width (Continuous) 
115 
ns 
21 


Read Data 


t59a 
Read Data Valid from IOR# Active 
96 
ns 
21 


t59b 
Read Data Valid Hold from IOR# Inactive 
2 
ns 
21 


t59c 
Read Data Float from IOR# Inactive 
61 
ns 
21 


Write 
Data 


t60a 
Write Data Valid Setup to IOW# 
70 
ns 
21 
Inactive 


t60b 
Write Data Valid Hold from IOW# Inactive 
31 
ns 
21 


TC 


t61a 
TC Active Setup to IOR# Inactive 
40 
ns 
3 
21 


t61b 
TC Active Setup to IOW# Inactive 
40 
ns 
3 
21 


t61c 
TC Active Hold from lox# Inactive 
0 
ns 
3 
21 


NOTES: 


1. 
This applies 
to the last cycle of a demand 
mode DMA transfer. 


2. 
Type F transfers 
are selected 
via the MBDMAX 
Register. 


3. 
Output 
from PIIX4. 
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Table 
12. 
ISA Refresh 
Timings 


Functional 
Operating 
Range 
(VREF = 5 V % 5%, V cc = 3.3 V % 0.3 V, TCASE = 00 C to +850 C) 


Sym 
Parameter 
Mln 
Max 
Units 
Notes 
Figure 


REFRESH# 
, 


t62a 
REFRESH# 
Active Setup to MEMR# Active 
120 
ns 
22,23 


t62b 
REFRESH# 
Active Hold from MEMR# 
Inactive 
31 
260 
ns 
22.23 


t62c 
REFRESH# 
Driven Active to SA[15:0] 
Valid 
11 
ns 
22.23 


t62d 
REFRESH# 
Active 
Hold from SA[15:0] 
Invalid 
11 
ns 
22.23 


AEN 


t63a 
AEN Driven Active to MEMR# Active 
11 
ns 
22.23 


t63b 
AEN Hold from MEMR# 
Inactive 
- 
11 
ns 
22.23 


SA[15:0] 


t64a 
SA[15:0] 
Valid Setup to MEMR# 
72 
ns 
22.23 
Active 


t64b 
SA[15:0] 
Valid Hold from MEMR# 
Inactive 
35 
ns 
22.23 


t64c 
SA[15:0] 
Valid Float from MEMR# 
Inactive 
46 
120 
ns 
1 
23 


MEMR#, 
SMEMR# 


t65a 
MEMR# 
Active 
Pulse Width 
225 
ns 
22.23 


t65b 
MEMR# 
Three state from MEMR# 
Inactive 
36 
120 
ns 
22.23 


t65c 
MEMR# 
Driven Inactive from IOCHRDY 
Active 
120 
ns 
22.23 


t65d 
SMEMR# 
Propagation 
Delay from MEMR# 
25 
ns 
22.23 


IOCHRDY 


t66a 
IOCHRDY 
Inactive from MEMR# 
Active 
76 
ns 
22.23 


t66b 
IOCHRDY 
Valid from MEMR# Active 
76 
ns 
22.23 


t66c 
IOCHRDY 
Inactive 
Pulse Width 
120 
ns 
22.23 


PIIX4 Driving 
Bus From 
REFRESH# 
; 


t67a 
PIIX4 Drives Control and Address 
from REFRESH# 
Active 
5 
ns 
1 
23 


NOTE: 


1. 
This applies 
to ISA Master 
initiated 
refresh 
only. 
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Table 
13. 
PIIX4 and ISA Master 
Accesses 
to the X-Bus 


Functional 
Operating 
Range 
(VREF = 5 V:t 
5%, Vcc = 3.3 V:t 
0.3 V, TCASE = O· C to +85· C) 


Sym 
Parameter 
Min 
Max 
Units 
Notes 
Figure 


BIOSCS#, 
KBCCS#, 
RTCCS#, 
AND PCSO#, PCS1#, 
MCCS# 


t68a 
CS# Driven Active from SA[19:0], 
LA[23:17] 
Valid (except 
35 
ns 
24 
BIOSCS#) 


t68b 
CS# Driven Inactive from SA[16:0], 
LA[23:17] 
Invalid (except 
35 
ns 
24 
BIOSCS#) 


XDIR# and XOE# 


t69a 
XDIR# Active from IOR#, MEMR# 
Active 
24 


- PCI-Initiated 
Access 
25 
ns 


- ISA-Initiated 
Access 
30 
ns 


t69b 
BIOSCS#, 
XOE# Active from lox#, MEMx# Active 
29 
ns 
24 


t69c 
XDIR# Active Setup to XOE# Active' 
2 
12 
ns 
24 


t69d 
BIOSCS#, 
XOE# Inactive from lox#, MEMx# 
Inactive 
35 
60 
ns 
1 
24 


t69f 
BIOSCS#, 
XOE# Setup to XDIR# 
Inactive 
2 
15 
ns 
1 
24 


t69g 
XOE# Inactive from IOR#, MEMR# 
lnactive 
2 
140 
ns 
2 
24 


t69i 
XOE# Inactive 
Setup to XDIR# 
Inactive 
2 
12 
ns 
2 
24 


NOTES: 


1. 
PIIX4 as a master 
cycles only. 


2. 
ISA master cycles 
only. 


Table 
14. 
Miscellaneous 
x-sus Timings 


Functional 
Operating 
Range 
(VREF = 5 V:t 
5%, Vcc = 3.3 V:t 
0.3 V, TCASE = O· C to +85· C) 


Sym 
Parameter 
Min 
Max 
Units 
Notes 
Figure 


Mouse 
Timing 
Support 


t71a 
IRQ121M and IRQ1 Minimum 
Active Pulse Width (for Mouse 
180 
ns 
25 
Function 
and Keyboard) 


Coprocessor 
Error Support 


t73a 
IGNNE# Active from IOW# Active from Port FOH Access 
220 
ns 
25 


t73b 
IGNNE# 
Inactive from FERR# 
Inactive 
230 
ns 
25 


Real Time 
Clock 
Timing 
(RTCALE) 


t75a 
RTCALE 
Pulse Width 
200 
300 
ns 
26 


t75b 
RTCALE 
Active from IOW# Active 
26 


- PCI-Initiated 
Access 
85 
ns 


- ISA-Initiated 
Access 
156 
ns 


Speaker 
Timing 


t76a 
SPKR Valid Delay from OSC Rising 
200 
ns 
27 
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Table 
15. 
PCI Interface 
Timing 


Functional 
Operating 
Range 
(VREF = 5 V:!: 5%, Vcc = 3.3 V:!: 0.3 V, TCASE = 0 
0 C to +85 
0 C) 


Sym 
Parameter 
Min 
Max 
Units 
Notes 
Figure 


t77 
AD[31:0] 
Valid Delay 
r 
2 
11 
ns 
Min: 0 pF 
29 
Max: 50 pF 


t78 
AD[31:0] 
Setup Time 
7 
ns 
30 


t79 
AD[31:0] 
Hold Time 
0 
ns 
30 


t80 
C/BE[3:0]#, 
FRAME#, 
TRDY#, 
IRDY#, STOP#, 
2 
11 
ns 
Min: 0 pF 
29 
PAR, SERR#, 
IDSEL, DEVSEL# 
CLOCKRUN#, 
Max: 50 pF 
GNT[A:C]# 
Valid Delay from PCICLK 
Rising 


t81 
C/Bes[3:0]#, 
FRAME#, 
TRDY#, 
IRDY#, STOP#, 
2 
ns . 
33 
PAR, SERR#, 
IDSEL, DEVSEL# 
CLOCKRUN#, 
GNT[A:C]# 
Output 
Enable Delay from PCICLK 
Rising 


t82 
C/BE[3:0]#, 
FRAME#, 
TRDY#, 
IRDY#, STOP#, 
2 
28 
ns 
31 


SERR#, 
IDSEL, DEVSEL# 
CLOCKRUN#, 
Float 
Delay from PCICLK 
Rising 


t83 
C/BE[3:0]#, 
FRAME#, 
TRDY#, 
IRDY#, STOP#, 
7 
ns 
30 
SERR#, 
IDSEL, 
DEVSEL# 
CLOCKRUN#, 


REQ[A:C]# 
Setup Time to PCICLK 
Rising 


t84 
C/BE[3:0]#, 
FRAME#, 
TRDY#, 
IRDY#, STOP#, 
0 
ns 
30 
SERR#, 
IDSEL, DEVSEL# 
CLOCKRUN#, 
REQ[A:C]#, 
Hold Time from PCLKIN 
Rising 


t85 
PHI!.D# Valid Delay from PCICLK 
Rising 
2 
12 
ns 
o pF 
29 


t86 
PHLDA# 
Setup Time to PCICLK 
Rising 
10 
ns 
30 


t87 
PHLDA# 
Hold Time from PCICLK 
Rising 
0 
ns 
30 


t91 
PIRQ[D:A]# 
Setup Time to PCICLK 
Rising 
1 
30 


t92 
PIRQ[D:A]# 
Hold Time From PCICLK 
Rising 
1 
30 


t96 
RST# Low Pulse Width 
1 
ms 
32 


NOTE: 


1. 
This signal is internally 
synchronized. 
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t106 
PDA[2:0) 
Valid Delay From PCICLK 
Rising 
2 
30 
ns 
34 


t107 
PDCS1#, 
PDCS3# 
Active From PCICLK 
Rising 
2 
30 
ns 
34 


t108 
PDCS1 #, PDCS3# 
Inactive 
From PCICLK 
Rising 
2 
30 
ns 


t113 
PDDACK# 
Active From PCICLK 
Rising 
2 
20 
ns 
35 


t114 
PDDACK# 
Inactive 
From PCICLK 
Rising 
2 
20 
ns 


t114a 
PDDREO 
Setup Time to PCICLK 
Rising 
7 
ns 
35 


t114b 
PDDREO 
Hold From PCICLK 
Rising 
7 
ns 
35 


t115 
PDD[15:0) 
Valid Delay From PCICLK 
Rising 
2 
30 
ns 
34,35 


t115a 
PDD[15:0) 
Setup Time to PCICLK 
Rising 
10 
ns 
34,35 


t115b 
PDD[15:0) 
Hold From PCICLK 
Rising 
8 
ns 
34,35 


t116 
PIORDY 
Setup Time to PCICLK 
Rising 
7 
ns 
1 
34 


t117 
PIORDY 
Hold From PCICLK 
Rising 
'r 
ns 
1 
34 


t117a 
PIORDY 
Inactive 
Pulse Width 
48 
ns 
34 


t118 
PIORDY 
Sample 
Point From DIOx# Assertion 
PCICLK 
2,3 
34 


t119 
PDIOx# Active Pulse Width 
PCICLK 
2,3 
34,35 


t120 
PDIOx# 
Inactive 
Pulse Width 
PCICLK 
3,4 
34,35 


Secondary 
IDE Timing 


t102 
SDIOW# 
Active 
From PCICLK 
Rising 
2 
20 
ns 
35 


t103 
SDiOW# 
Inactive 
From PCICLK 
Rising 
2 
20 
ns 
34,35 


t104 
SDiOR# 
Active 
From PCICLK 
Rising 
2 
20 
ns 
35 


t105 
SDIOR# 
Inactive 
From PCICLK 
Rising 
2 
20 
ns 
34,35 


t106 
SDA[2:0) 
Valid Delay From PCICLK 
Rising 
2 
30 
ns 
34 


NOTES: 


1. 
IORDY 
is intemallysynchronized.This 
timing 
is to guarantee 
recognition 
on the next clock. 


2. 
This parameter 
is programmable 
from 2-5 PCI clocks when the drive mode is Mode 2 or greater. 
Refer to the ISP field in 
the IDE Timing 
Register. 


3. 
The cycle time is the compatible 
timing when the drive mode is Mode 0/1. Refer to the TIMO/1 field in the IDE timing 
reg- 


ister. 


4. 
This parameter 
is programmable 
from 1-4 PCI clocks when the drive mode is Mode 2 or greater. 
Refer to the RCT field in 
the IDE Timing 
Register. 
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Table 
16. 
PCI Bus IDE Timing 
(Sheet 2 of 2) 


Functional 
Operating 
Range 
(VREF = 5 V ± 5%, Vcc = 3.3 V ± 0.3 V, TCASE = 00 C to +850 C) 


tl07 
SOCS1#, 
POCS3# Active From PCIClK 
Rising 
2 
30 
ns 
34 


tl08 
SOCS1#, 
POCS3# 
Inactive 
From PCIClK 
Rising 
2 
30 
ns 


tl13 
SOOACK# 
Active From PCIClK 
Rising 
2 
20 
ns 
35 


tl14 
SOOACK# 
Inactive 
From PCIClK 
Rising 
2 
20 
ns 


tl14a 
SOOREO 
Setup Time to PCIClK 
Rising 
7 
ns 
35 


tl14b 
SOOREO 
Hold From PCIClK 
Rising 
7 
ns 
35 


tl15 
SOO[15:0] 
Valid Delay From PCIClK 
Rising 
2 
30 
ns 
34,35 


tl15a 
SOO[15:0] 
Setup Time to PCIClK 
Rising 
10 
ns 
34,35 


tl15b 
SOO[15:0] 
Hold From PCIClK 
Rising 
8 
ns 
34,35 


tl16 
SIOROY 
Setup Time to PCIClK 
Rising 
7 
ns 
1 
34 


tl17 
SIOROY 
Hold From PCIClK 
Rising 
7 
ns 
1 
34 


tl17a 
PIOROY 
Inactive 
Pulse Width 
48 
ns 
34 


tl18 
SIOROY 
Sample 
Point From OIOx# Assertion 
PCIClK 
2,3 
34 


tl19 
SOIOx# Active Pulse Width 
PCIClK 
2,3 
34,35 


t120 
SOIOx# 
Inactive 
Pulse Width 
PCIClK 
3,4 
34,35 


NOTES: 


1. 
laRDY 
is intemallysynchronized.This 
timing 
is to guarantee 
recognition 
on the next clock. 


2. 
This parameter 
is programmable 
from 2-5 PCI clocks when the drive mode is Mode 2 or greater. 
Refer to the ISP field in 
the IDE Timing 
Register. 
. 


3. 
The cycle time is the compatible 
timing when the drive mode is Mode OIl. Refer to the TIMO/l 
field in the IDE timing 
reg- 
ister. 


4. 
This parameter 
is programmable 
from 
1-4 PCI clocks when the drive mode is Mode 2 or greater. 
Refer to the RCT field in 
the IDE Timing 
Register. 
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Table 
17. 
Universal 
Serial 
Bus Timings 
(Sheet 1 of 2) 


Functional 
Operating 
Range 
(VREF = 5 V :t 5%, Vcc = 3.3 V :t 0.3 V, TCASE = 0 
0 C to +85 
0 C) 


Sym 
Parameter 
Mln 
Max 
Units 
Notes 
Fig 


Full Speed 
Source 
(Note 
7) 


t122 
USBPx+, 
USBPx- 
Driver Rise Time 
4 
20 
ns 
1, CL = 50 pF 
36 


t123 
USBPx+, 
USBPx- 
Driver Fall Time 
4 
20 
ns 
1, CL = 50 pF 
36 


t124 
Source 
Differential 
Driver Jitter 
2,3 
37 


- To Next Transition 
-2 
2 
ns 


- For Paired Transitions 
-1 
1 
ns 


t125 
Source 
EOP Width 
160 
175 
ns 
4 
38 


t126 
Differential 
to SEO Transition 
Skew 
-2 
5 
ns 
5 


t127 
Receiver 
Data Jitter Tolerance 
3 
37 


- To Next Transition 
-20 
20 
ns 


- For Paired Transitions 
-10 
10 
ns 


t128 
EOP Width 
4 
38 


- Must reject as EOP 
40 
ns 


- Must accept as EOP 
85 
ns 


t126 
Differential 
to SEO Transition 
Skew 
-2 
5 
ns 
5 


Low Speed 
Source 
(Note 
8) 


t127 
USBPx+, 
USBPx- 
Driver Rise Time 
1,6=50pF 
36 
75 
ns 
CL = 350 pF 
300 
ns 


t128 
USBPx+, 
USBPx- 
Driver Fall Time 
1,6 
36 
75 
ns 
CL = 50 pF 
300 
ns 
CL = 350 pF 


t129 
Source 
Differential 
Driver Jitter 
2,3 
37 


- To Next Transition 
-2 
2 
ns 


- For Paired Transitions 
-1 
1 
ns 


NOTES: 
1. Driver output resistance under steady state drive is specified at 28 ohms at minimum and 43 ohms at maximum. 
2. Timing difference between the differential data signals. 
3. Measured at crossover point of differential data signals. 
4. Measured at 50% swing point of data signals. 
5. Measured from last crossover point to 50% swing point of data line at leading edge of EOP. 
6. Measured from 10% to 90% of the data signal. 
7. Full Speed Data Rate has minimum of 11.97 Mbps and maximum of 12.03 Mbps. 
8. Low Speed Data Rate has a minimum of 1.48 Mbps and a maximum of 1.52 Mbps. 
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- r-or r-alreo I ranslllons 
-lU 
lU 
ns 


t133 
EOP Width 
4 
38 


- Must reject as EOP 
40 
ns 


- Must accept as EOP 
85 
ns 


t134 
Differential 
to SEO Transition 
Skew 
-2 
5 
ns 
5 


NOTES: 


1. 
Driver output 
resistance 
under steady 
state drive is specified 
at 28 ohms at minimum 
and 43 ohms at maximum. 


2. 
Timing 
difference 
between 
the differential 
data signals. 


3. 
Measured 
at crossover 
point of differential 
data signals. 


4. 
Measured 
at 50% swing 
point of data signals. 


5. 
Measured 
from last crossover 
point to 50% swing point of data line at leading 
edge of EOP. 


6. 
Measured 
from 10% to 90% of the data signal. 


7. 
Full Speed 
Data Rate has minimum 
of 11.97 Mbps and maximum 
of 12.03 Mbps. 


8. 
Low Speed 
Data, Rate has a minimum 
of 1.48 Mbps and a maximum 
of 1..52 Mbps. 


Table 
18. 
IOAPIC 
Bus Timings 


Functional 
Operating 
Range 
(VREF = 5 V :t 5%, V cc = 3.3 V :t 0.3 V, TCASE = O' C to +85' 
C) 


Sym 
Parameter 
Min 
Max 
Units 
Notes 
Fig 


t136 
APICCS# 
Setup to MEMx# 
2 
PCICLK 
1 
39 


t137 
SA[19:0] 
Setup to APICCS# 
2 
PCICLK 
1 
39 


t138 
APICACK# 
Valid Delay from PCICLK 
2.0 
12.0 
ns 
29 


t139 
APICREQ# 
Valid Setup to PCICLK 
10.0 
ns 
30 


t140 
APICREQ# 
Valid Hold from PCICLK 
0.0 
ns 
30 


NOTE: 


1. 
With these exceptions. 
the APIC configuration 
cycles conform 
to the 8·bit ISA Memory 
Slave Timing 
where 
PIIX4 is the 
master. 
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Table 
19. 5MBUS 
Timings 


Functional 
Operating 
Range 
(VREF = 5 V % 5%, Vcc = 3.3 V % 0.3 V, TCASE = o· C to +85· C) 


Sym 
Parameter 
Min 
Max 
Units 
Notes 
Fig 


t141 
Bus free time between 
Stop and Start Condition 
4.7 
~s 
40 


t142 
Hold time after (repeated) 
Start Condition. 
After this 
4.0 
~s 
40 
period, the first clock is generated 


t143 
Repeated 
Start Condition 
setup time 
4.7 
~s 
40 


t144 
Stop Condition 
setup time 
4.0 
~s 
40 


t145 
Data hold time 
300 
ns 
40 


t146 
Data setup time 
250 
ns 
40 


t147 
Device time out 
25 
35 
ms 
1 


t148 
Cumulative 
clock low extend time (slave device) 
25 
ms 
2 
41 


t149 
Cumulative 
clock low extend time (master device) 
10 
ms 
3 
41 


NOTES: 


1. 
A device will timeout 
when any clock low exceeds 
this value. 


2. 
t148 is the cumulative 
time a slave device 
is allowed 
to extend the clock cycles 
in one message 
from the initial start to 


stop. If a slave device 
exceeds 
this time. it is expected 
to release 
both its clock and data lines and reset itself. 


3. 
t149 is the cumulative 
time a master device 
is allowed 
to extend 
its clock cycles within 
each byte of a message 
as defined 
from start-ta-acknowledge. 
acknowledge-ta-acknowledge. 
or acknowledge-ta-stop. 


Table 
20. 
Serial 
IRQ Timings 


Functional 
Operating 
Range 
(VREF = 5 V % 5%, V cc = 3.3 V % 0.3 V, TCASE = O· C to +85· C) 


Sym 
Parameter 
Min 
M!1x 
Units 
Notes 
Fig 


t151 
SERIRO 
Setup Time to PCICLK 
Rising 
7 
ns 
30 


t152 
SERIRO 
Hold Time from PCICLK 
Rising 
0 
ns 
30 
~. 
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Table 
21. 
UL TRADMA/33 
Timings 


Functional 
Operating 
Range 
(VREF = 5 V :t 5%, Vcc = 3.3 V :t 0.3 V, TCASE = D· C to +85' 
C) 


Mode 0 (ns) 
Mode 
1 (ns) 
Mode 2 (ns) 


Sym 
Parameter 
(Note 
1) 
Min 
Max 
Min 
Max 
Min 
Max 
Figure 


t154 
Cycle Time (Tcyc) (Note 2) 
114 
75 
55 
43 


t155 
Two Cycle Time (T2cyc) 
235 
156 
117 
43 


t156 
Data Setup Time (Tds) 
15 
10 
7 
43 


t157 
Data Hold Time (Tdh) 
5 
5 
5 
43 


t158 
Data Valid Setup Time (Tdvs) 
70 
48 
34 
43 


t159 
Data Valid Hold Time (Tdvh) 
6 
6 
6 
43 


t160 
Limited 
Interlock 
Time (TIi) 
0 
150 
0 
150 
0 
150 
45 


t161 
Interlock Time w/ Minimum 
(Trnll) 
20 
20 
20 
45 


t162 
Envelope 
Time (Tenv) 
20 
70 
20 
70 
20 
70 
42 


t163 
Ready to pause Time (Trp) 
160 
125 
100 
44 


t164 
DMACK 
setup/hold 
Time (Tack) 
20 
20 
20 
42,45 


NOTES: 


1. 
The specification 
symbols 
in parenthesis 
correspond 
to the Ultra DMA/33 
specification 
name. 


2. 
These 
cycle timings 
are based on the STOBE 
period 
as indicated 
in Figure 44. However, 
Table 
13 in the PIIX4 datasheet 


refers to cycle time strobe periods 
as 120 ns, 90 ns and 60 ns for mode 0, I, and 2 respectively. 
The datasheet 
timings 
are 
different 
because 
they are based on the number 
of PCI clocks 
per cycle, 
not the actual 
period 
between 
the rise and fall of 


STROBE. 


Table 
22. 
AC Test Loads 


Capacitive 
Load 
Signals 


120 pt 
REFRESH#, 
TC, SD[15:0], 
SA[19:0], 
SBHE#, 
LA[23:17], 
IOCS16#, MEMCS16#, 


MEMR#, 
MEMW#, 
SMEMR#, 
SMEMW#, 
IOR#, IOW#, AEN, BALE, IOCHRDY, 


ZEROWS#, 
RSTDRV, 
SYSCLK 


50 pt 
DACK#[7:5,3:0], 
SPKR, 
INTR, NMI, BIOSCS#, 
KBCCS#, 
RTCCS#, 
PCS[1:0]#, 


MCCS#, 
RTCALE, 
XDIR#, 
XOE#, IGNNE#, 
PDD[15:0], 
SDD[15:0], 
APICCS#, 


DIOR#, 
DIOW#, 
PDDACK#, 
SDDACK#, 
#, PDCS1# 
PDCS3#, 
SDCS1#, 


SDCS3##, 
PDA[2:0], 
SDA[2:0]. 
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Outpu 0.----------1 
c'l 


CL Includes 
all Parasitic 
Capacitance 


Figure 1. Test Load 
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FIgure 2. Clock TImIng 
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Figure 3. Reset Inactive Timing 


1998 PentiunP 
Processor 
Databook 
PRELIMINARY 
6-139 


82371AB 
(PIIX4) Timing Specification 


6-140 
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Figure 4. Reset Active Pulse Width 
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Figure 5. SMI#, EXTSMI#, and STPCLK# Timing 
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Figure 6. Input to PCICLK Setup/Hold Times 
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Figure 
7. HCLKIN to Output 
Valid Delay 
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Figure 8. 8·Bit ISA Memory 
Slave Timing 
(PIIX4 as Master) 
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Figure 9. 16-81t ISA Memory Slave Timing (PIIX4 as Master) 


PRELIMINARY 
1998 PentiurrfY Processor 
Databook 


82371AB 
(PIIX4) Timing Specification 


SA[19:0), SBHE. 


IOR#,IOW' 


IOCSi611 


ZEROWS. 


IOCHROY 


S0[7:0) R 


S0[7:0)W 


AEN ----, 
I 


t14a 
~ 
t14b 


~ 
~ 


16d 
~ 


16c 
17d,17e 
14b 


\ 
17h 


t12b 


1 


t13! 


~ 
t15b 
I 
t15e 
171 


19a 
t9b 
19c,19d 


t10d 


~ 
~c 
I 


I 
I 


BALE 


Figure 10. 8·Bit ISA VO Slave Timing (PIIX4 as Master) 
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Figure 11. 16·Bit 1/0 Slave Timing (PIIX4 as Master) 
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Figure 12. ISA Master Accessing 
PCI Memory Timing 
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Figure 13. ISA Master Accessing 
PIIX4 Register Timing 
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Figure 14. NMITiming 
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Figure 15. Interrupt Timing 
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Figure 16. ISA Master Miscellaneous 
Timing 
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Figure 17. ISA Master Data Swap Timing 
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Figure 
18. 
DMA Compatible 
Timing 
(Memory 
Read) 
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Figure 
19. 
DMA Compatible 
Timing 
(Memory 
Write) 
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Figure 20. DMA Compatible Timing (Data Swap) 
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Figure 21. DMA Type F Timing 
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Figure 23. ISA Master-Initiated 
Refresh Timing 
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Figure 25. Coprocessor 
Error and Mouse Support 
Timing 
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Figure 26. Real Time Clock Timing 
(RTCALE Generation) 
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• Figure 27. Speaker Timing 
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Figure 29. Valid Delay From Rising Clock Edge 
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Figure 32. Pulse Width 
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Figure 33. Output Enable Delay 
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Figure 35. IDE Multiword 
DMA Mode 
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USB Timing Diagrams 
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Figure 38. 
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IOAPIC Timing Diagrams 
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5MBus Timing Diagrams 
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Figure 40. 5MBus Timing 
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Figure 41. 5MBus Timeouttiming 
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2.10 
Ultra DMA/33 Timing Diagrams 
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Figure 42. 
Ultra DMA/33 
Drive Initiating 
a DMA Burst for a Read Command. 
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Figure 44. Ultra DMA/33 Sustained 
Synchronous 
DMA Burst 
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INTEL 430HX PCISET 
82439HX SYSTEM CONTROLLER 
(TXC) 


• 
Supports 
All 3V Pentium® 
Processors 
• 
Optional 
Error Checking 
and Correction 
• 
Dual Processor 
Support 
(ECC) 
Superior DRAM Data Integrity 
• 
PC12.1 Compliant 
Single Bit Error Correction, Multi-Bit 
• 
Integrated 
Second-Level 
Cache 
Error Detection plus Nibble Failure 


Controller 
Detection ECC Code 


Direct Mapped Organization 
Single and Multi-Bit Error Reporting 


Write-Back Cache Policy 
Virtual Swapable Bank Support (I.e., can 


Cacheless, 256 KB, and 512 KB 
swap out problem banks) 


Pipelined Burst SRAMs 
Merging Write Buffer Eliminates Most 


Cache Hit ReadlWrite Cycle Timings at 
Partial Writes Cycles 


3-1-1-1 
• 
Fully Synchronous, 
Minimum 
Latency 
Back-to-Back Read Cycles at 
25/30/33 
MHz PCI Bus Interface 
3-1-1-1-1-1-1-1 
Zero Wait State CPU-to-PCI Write 
Integrated TaglValid Status Bits for Cost 
Timings (no IRDY stall) for Superior 
Savings and Performance 
Graphics Performance 
Optional 512-MB DRAM Cacheability 
Enhanced CPU-to-PCI Read Latencies 
Limit 
for Superior Graphics/PIO Performance 
Supports 5V SRAMs for Tag Address 
21-DWord PCI-DRAM Post Buffer 
• 
Integrated 
DRAM controller 
22-DWord PCI-to-DRAM Read Prefetch 
4-MB to 512-MB Main Memory 
Buffer 
64-Mb DRAM Technology Support 
Write-Back Merging for PCI to DRAM 
8-QWord Deep Merging DRAMWrite 
Writes 
Buffer 
Write-Back Forwarding for PCI to DRAM 
Enhanced EDO/Hyper Page Mode DRAM; 
Reads 
4-2-2-2 Reads and x-2-2-2 Writes at 
Pipelined Snoop Ahead 
60 MHz; 5-2-2-2 Reads and x-2-2-2 Writes 
Multi-Transaction Timer to Support 
at 66 MHz 
Multiple Short PCI Transactions Within 
8 RAS Lines 
the Same PCI Arbitration Cycle 
Integrated Programmable-Strength 
• 
Supports 
the Universal 
Serial Bus 
Memory Address Buffers 
(USB) 
CAS-Before-RAS Refresh 
Supported 
Kits 
• 
• 
Optional 
Parity 
82439HXISA Kit (TXC, PIIX3) 
• 
Single 324-Pin BGA Package 
- 
82439HXISAIOP Kit (TXC, PIIX3, IOAPIC) 


The Intel 430HX PClset consists of the 82439HX System Controller (TXC) and the 8237158 PCI I/O IDE 
Xcelerator (PIIX3). The TXC is a single-chip host-to-PCI bridge and provides the second level cache control 
and DRAM control functions. The second level (L2) cache controller supports a write-back cache policy for 
cache sizes of 256 Kbytes and 512 Kbytes. Cacheless designs are also supported. The cache memory is 
implemented with synchronous pipelined burst SRAMs. An extemal Tag RAM is used for the address tag and 
an intemal Tag RAM for the cache line status bits. The TXC provides a 64/72-bit data path to main memory 
and memory sizes up to 512 Mbytes. The DRAM controller provides eight rows and optional DRAM Error 
detection/correction or parity. The TXC's optimized PCI interface allows the CPU to sustain the highest 
possible bandwidth to the graphics frame buffer at all frequencies. Using the snoop ahead feature, The TXC 
allows PCI masters to achieve full PCI bandwidth. For increased system performance, the TXC contains read 
prefetch and posted write buffers. 
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1.0. 
ARCHITECTURE 
OVERVIEW 


The TXC interfaces with the Pentium@ processor host bus, a dedicated memory data bus, and the PCI bus 
(Figure 1). The TXC connects directly to the Pentium processor 3V host bus, directly to 5V or 3V DRAMs, 
and directly to the 5V PCI bus. The Intel 430HX PClset consists of the 82439HX TXC and the PCI IDElISA 
Xcellerator (PIIX3) components. PIIX3 provides the PCI-to-ISA bridge functions along with other features 
such as a fast IDE interface, Plug-n-Play port, APIC interface, Universal Serial Bus (USB) and PCI 2.1 
Compliance operation. 


Data Flow 


Processor cycles are sent directly to the second level cache with control for the second level cache provided 
by the TXC. All other processor cycles are sent to their destination (DRAM, PCI or internal TXC configuration 
space) via the TXC. PCI Master cycles are sent to main memory through the TXC. The TXC performs snoop 
or inquire cycles using the host bus. 
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Figure 1. TXC System Block Diagram 
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DRAM Interface 


The DRAM interface is a 64/72-bit data path that supports both standard page mode and Extended Data Out 
(EDO) memory. The DRAM interface supports 4 Mbytes to 512 Mbytes with a RAS lines and also supports 
symmetrical and asymmetrical addressing for 1M, 2M, and 4M deep SIMMs and symmetrical addressing for 
16-Mb~e deep SIMMs. 


Second Level Cache 


The TXC supports a write-back cache policy providing all necessary snoop functions and inquire cycles. The 
second level cache is direct mapped and supports both a 256-Kbyte or 512-Kbyte SRAM configuration using 
pipelined burst 
SRAMs. The burst 256-Kbyte configuration performance is 3-1-1-1 for read/write cycles; 


pipelined back-to-back reads can maintain a 3-1-1-1-1-1-1-1 transfer rate. An optional mode extends the 
DRAM L2 cacheability range to 512 Mbytes. 


PCllnterface 


The.PCI interface is 2.1 compliant and supports up to 4 PCI bus masters in addition to the PIIX3 bus master 
requests. The PCI-to-DRAM interface can reach a 112 Mbyte/sec transfer rate for reads and 121 Mbytes/sec 
for writes. 
- 
. 


Data Path and Buffers 
, 


The TXC data path is optimized for minimum latency and maximum throughput operation from both the CPU 
and PCI masters. The TXC contains two physical sets of buffers for optimizing data flow. A 6-DWord buffer is 
provided for CPU-to-PCI writes that helps maximize the graphic writes to PCI bandwidth. An a-QWord deep 
merging memory buffer is provided that is used for CPU-to-main memory writes, write-back cycles (Posted at 
3111), PCI-to-main memory write posting, and PCI-from-main memory read prefetching. 


Error Detection and Correction 


Parity or error correction are software configurable options (parity is the default). The ECC mode provides 
single-error correction, double-error·detection, and detection of all errors confined to a single nibble for the 
DRAM memory subsystem. 
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2.0. 
SIGNAL DESCRIPTION 


This section provides a detailed description of each signal. The signals are arranged in functional groups 
according to their associated interface. 


The "#" symbol at the end of a signal name indicates that the active, or asserted state occurs when the signal 
is at a low voltage level. When "#" is not present after the signal name, the signal is asserted when at the high 
voltage level. 


The terms assertion and negation are used extensively. This is done to avoid confusion when working with a 
mixture of "active-Iow" and "active-high" signals. The term assert, or assertion 
indicates that a signal is 
active, independent of whether that level is represented by a high or low voltage. The term negate, or 
negation indicates that a signal is inactive. 


All 3V output signals can drive 5V TTL inputs. 


2.1. 
Host Interface 


Name 
Type 
Description 


A[31:3] 
1/0 
Address 
Bus: A[31:3] connects to the address bus of the CPU. During CPU 
3V 
cycles A[31:3] are inputs. The TXC drives A[31:3] during inquire cycles on behalf 
TTL 
of PCI initiators. Strapping options on A[31:28] are described in the Cache Control 
Register Description section. Strapping options on A27 are described in the 
DRAMC Register Description. 


BE[7:0]# 
I 
Byte Enables: The CPU byte enables indicate which byte lane the current CPU 
3V 
cycle is.aocessinq. All eight byte lanes must be provided to the CPU if the cycle is 
TTL 
a cacheable read regardless of the state of BE[7:0]#. 


ADS# 
I 
Address Status: The CPU asserts ADS# in T1 of the CPU bus cycle. 
3V 
TTL 


BRDY# 
0 
Bus Ready: The TXC asserts BRDY# to indicate to the CPU that data is available 
3V 
on reads or has been received on writes. 
TTL 


NA# 
0 
Next Address: The TXC asserts NA# to the CPU to enable pipeiining. 


3V 
TTL 


AHOLD 
0 
Address 
Hold: The TXC asserts AHOLD when a PCI initiator is performing a 
3V 
cycle to DRAM. 
TTL 


EADS# 
0 
External Address 
Strobe: Asserted by the TXC to inquire the first level cache 
3V 
when servicing PCI master references of DRAM. 
TTL 


BOFF# 
0 
Back Off: Asserted by the TXC when required to terminate a CPU cycle that was 
3V 
in progress. 
TTL 


HITM# 
I 
Hit Modified: Asserted by the CPU to indicate that the address presented with the 
3V 
last assertion of EADS# is modified in the first level cache and needs to be written 
TTL 
back. 
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Name 
Type 
Description 


MIIO#, 
I 
MemorynOj 
Data/Controlj 
Write/Read: 
Asserted by the CPU with ADS# to 


D/C#, 
3V 
indicate the type of cycle that the system needs to perform.: 


W/R# 
TTL 


HLOCK# 
I 
Host Lock: All CPU cycles sampled with the assertion of HLOCK# and ADS#, 


3V 
until the negation of HLOCK# must be atomic (Le., no PCI activity to DRAM is 


TTL 
allowed). 


CACHE# 
I 
Cacheable: CACHE# is asserted by the CPU during a read cycle to indicate the 


3V 
CPU will perform a burst line fill. Asserted by the CPU during a write cycle to 


TTL 
indicate the CPU will perform a burst write-back cycle. 


KEN#IINV 
0 
Cache Enable: KEN#/INV functions as both the KEN# signal during CPU read 


3V 
cycles, and the INV signal during L1 snoop cycles. During CPU cycles, KEN#/INV 


TTL 
is normally low. KEN#/INV is driven high(low) during the EADS# assertion of a 
PCI master DRAM write (read) snoop cycle. 


SMIACT# 
I 
System Management Interrupt Active: The CPU asserts SMIACT# when it is in 


3V 
system management mode as a result of an SMI. 


TTL 


HD[63:0] 
I/O 
Host Data: These signals are connected to the CPU data bus. 


3V 
TTL 


NOTES: 


All of the signals 
in the host interface 
are described 
in the Pentium 
processor 
datasheet. 
The preceding 
table highlights 
TXC 


specific 
uses of these signals. 


2.2. 
DRAM Interface 


Name 
Type 
Description 


MPD[7:0] 
I/O 
MEMORY PARITY DATA: 
These signals connect to the DRAM 
parity or ECC 


3V/SV 
bits. The MPD pins have similar timing and drive capability to the MD pins. ECC 
TTL 
versus parity operation is determined by PCON[DDIM] field. These signals have 
internal weak pulldowns, the same as the existing MD signals. These signals are 
always driven during write cycles, regardless of the existence of parity memory. 


RAS[7:0]# 
0 
Row Address Strobe: These pins select the DRAM row. 


3V 


CAS[7:0]# 
0 
Column Address Strobe: 
These pins select the DRAM column. 
3V 


MA[11:2] 
0 
Memory Address: This is the row and column address for DRAM. These buffers 


3V 
include programmable size selection. 


MAA[1:0] 
0 
Memory Address Copy A: One copy of the MAs that change during a burst read 


3V 
or write of DRAM. These buffers include programmable size selection. 


MA8[1:0] 
0 
Memory Address Copy B. A second copy of the MAs that change during a burst 


3V 
read or write of DRAM. These buffers include programmable size selection. 
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Name 
Type 
Description 


MWE# 
0 
Memory Write Enable. MWE# should be used as the write enable for the memory 
3V 
data bus. This signal has a programmable size selection (see DRAMEC[MAD] 
field). 


MD[63:0] 
I/O 
Memory Data: These signals are connected to the DRAM data bus. 
3V/5V 
TTL 
.. 


2.3. 
Secondary 
Cache Interface 


Name 
Type 
Description 


CADV# 
0 
Cache Advance: 
Assertion causes the PBSRAM in the secondary cache to 
3V 
advance to the next aWord in the cache line. 


CADS# 
0 
Cache Address Strobe: Assertion causes the PBSRAM in the secondary cache 
3V 
to load the PBSRAM address register from the PBSRAM address pins. 


CCS# 
0 
Cache Chip Select: When this signal is asserted and CADS# is asserted, the 
3V 
second level cache will power up (if necessary). When this signal is negated and 
CADS# is asserted, the second level cache will power down. When CCS# is 
negated the second level cache ignores ADS#. If CCS# is asserted when ADS# is 
asserted 
the second level cache will power up 
(if necessary) and perform an 
access. 


COE# 
0 
Cache Output Enable: The secondary cache data RAMs drive the CPUs data 
3V 
bus when COE# is asserted. 


GWE# 
0 
Global Write Enable: GWE# assertion causes all the byte lanes to be written into . 


3V 
the secondary cache data RAMs independent of BE[7:0]#. 


BWE# 
0 
Byte Write 
Enable: 
Asserted low with GWE#=high to enable using host's 
3V 
BE[7:0]# to control byte lanes to pipeline burst SRAM cache. 


TIO[10:8] 
I/O 
Extended Tag Address: 
These are inputs during CPU accesses and outputs 
3V5V 
during second level cache line fills and second level cache line invalidates due to 
TTL 
inquire cycles. TIO[10:8] contain the optional extension tag address to increase 
cacheability limit to 512 Mbytes. TIO[10:8] is enabled via the ECE bit of the CC 
register. When the extended tag address is not enabled, these bits are not used, 
but are tied internally low to prevent them from floating. TIO[9:8] have internal pull- 


e 
.. 
down resistors. TIO[10] requires an external pull-down resistor for the extended 
cacheability and a pull-up resistor for the normal cacheability/DRAM cache. The 
extended cacheability and DRAM cache functions are mutually exclusive. 


TIO[7:0] 
I/O 
Tag Address: These are inputs during CPU accesses and outputs during second 
3V/5V 
level cache line fills and second level cache line invalidates due to inquire cycles. 


TTL 
TIO[7:0] have internal pull-down resistors. 


TWE# 
0 
Tag Write Enable: When asserted, new state and tag addresses are written into 
5V 
the external tag. 


TTL 
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2.4. 
PCI Interface 


Name 
Type 
Description 


AD[31:0] 
I/O 
Address/Data: 
The standard PCI address and data lines. Address is driven with 
5V 
FRAME# assertion, data is driven or received in following clocks. 


C/BE[3:0] 
I/O 
Command/Byte 
Enable: The command is driven with FRAME# assertion, byte 
# 
5V 
enables corresponding to supplied or requested data is driven on following clocks. 


FRAME# 
I/O 
Frame: Assertion indicates the address phase of a PCI transfer. Negation indicates 
5V 
that one more data transfer is desired by the cycle initiator. 


DEVSEL# 
I/O 
Device Select: This signal is driven by the TXC when a PCI initiator is attempting to 
5V 
access DRAM. DEVSEL# is asserted at medium decode time. 


IRDY# 
I/O 
Initiator Ready: Asserted when the initiator is ready for a data transfer. 


5V 


TRDY# 
I/O 
Target Ready: Asserted when the target is ready for a data transfer. 


5V 


STOP# 
I/O 
Stop: Asserted by the target to request the master to stop the current transaction. 
5V 


LOCK# 
I/O 
Lock: Used to establish, maintain, and release resource locks on PCI. 


5V 


REQ[3:0]# 
I 
PCI Request: PCI master requests for PCI. Weak external pull-up resistors are 
5V 
required on these signals. 


GNT[3:0]# 
0 
PCI Grant: Permission is given to the master to use PCI. Weak external pull-up 
5V 
resistors are required on these signals. 


PHLD# 
I 
PCI Hold: This signal comes from the expansion bridge. It is the bridge request for 
5V 
PCI. The PHLD# protocol supports passive release. A weak external pull-up resistor 
is required on this signal. 


PHLDA# 
0 
PCI Hold Acknowledge: 
This signal is driven by the TXC to grant PCI to the 
5V 
expansion bridge. The PHLDA# protocol supports passive release. A weak external 
pull-up resistor is required on this signal. 


PAR 
I/O 
Parity: A single parity bit is provided over AD[31:0] and C/BE[3:0]. 
5V 


SERR# 
0 
SYSTEM ERROR: 
The TXC asserts SERR# to signal a system error. A system 
5V 
error can be optionally generated for either single bit error (correctable) events or 
any ECC bit error (correctable or uncorrectable), or for parity error. 


NOTES: 


All signals 
in the PCI interface 
conform 
to the PCI Rev 2.1 specification 
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2.5. 
Clock, Reset, and Test 


Name 
Type 
Description 


RST# 
I 
Reset: 
When 
asserted 
this 
signal 
will 
asynchronously 
reset 
the 
TXC. 
The 
PCI 
5V 
signals will also tri-state 
compliant 
to PCI Rev 2.0 and 2.1 specifications. 


TEST# 
I 
Test In: 
NAND-tree 
mode is activated 
by driving this pin high when REO [3:0)# pins 
5V 
are 0010. This signal 
requires 
an external 
pull-up 
resistor. 


HCLKIN 
I 
Host Clock 
In: This pin receives 
a buffered 
host clock. 
This clock 
is used by all of 
5V 
the TXC logic that is in the Host clock domain. 


PCLKIN 
I 
PCI Clock In: This pin receives 
a buffered 
divide-by-2 
host clock. This clock is used 
5V 
by all of the TXC logic that is in the PCI clock domain. 


VDD5V 
I 
VDD 5V reference: 
This pin provides 
a 5V reference 
for all 5V 1/0. It requires 
a 100 
5V 
ohms series resistor 
and a 1.0 micro-farad 
cap to ground. 
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3.0. 
REGISTER 
DESCRIPTION 


The TXC contains two sets of software accessible registers (I/O Control and Configuration registers), 
accessed via the Host CPU I/O address space. The I/O Control registers control access to PCI configuration 
space. Configuration Registers reside in PCI configuration space and specify PCI configuration, DRAM 
configuration, cache configuration, operating parameters, andoptional system features. 


The TXC internal registers (both I/O Control and Configuration registers) are only accessible by the Host CPU 
and cannot be accessed by PCI masters. The registers can be accessed as Byte, Word (16-bit), or Dword 
(32-bit) quantities, with the exception of CONFADD which can only be accessed as a Dword. All multi-byte 
numeric fields use "Iittle-endian" ordering (i.e., lower addresses contain the least significant parts of the field). 
The following nomenclature is used for access attributes. 


RO 
Read Only. If a register is read only, writes to this register have no effect. 


RIW 
ReadlWrite. A register with this attribute can be read and written. 


R1WC 
ReadlWrite Clear. A register bit with this attribute can be read and written. However, a write of 1 
clears (sets to 0) the corresponding bit and a write of 0 has no effect. 


Some of the TXC registers described in this section contain reserved bits. Software must deal correctly with 
fields that are reserved. On reads, software must use appropriate masks to extract the defined bits and not 
rely on reserved bits being any particular value. On writes, software must ensure that the values of reserved 
bit positions are preserved. That is, the values of reserved bit positions must first be read, merged with the 
new values for other bit positions and then written back. 


In addition to reserved bits within a register, the TXC contains address locations in the PCI configuration 
space that are marked "Reserved" (Table 2). The TXC responds to accesses to these address locations by 
completing the Host cycle. Software should not write to reserved TXC configuration locations in the device- 
specific region (above address offset 3Fh). 


During a hard reset (RST# asserted), the TXC sets its internal configuration registers to predetermined 
default states. The default state represents the minimum functionality feature set required to successfully 
bring up the system. Hence, it does not represent the optimal system configuration. It is the responsibility of 
the system initialization software (usually BIOS) to properly determine the DRAM configurations, cache 
configuration, operating parameters and optional system features that are applicable, and to program the 
TXC registers accordingly. 


3.1. 
VO Control 
Registers 


The TXC contains two registers that reside in the CPU I/O address space-the 
Configuration Address 
(CONFADD) register and the Configuration Data (CONFDATA) register. The Configuration Address register 
enables/disables the configuration space and determines what portion of configuration space is visible 
through the Configuration Data window. 


3.1.1. 
CONFADD--CONFIGURATION 
ADDRESS REGISTER 


I/O Address: 
Default Value: 
Access: 


OCF8h(Accessed as a Dword) 
'OOOOOOOOh 
ReadlWrite 


CONFADD is a 32-bit register accessed only when referenced as a Dword. A Byte or Word reference will 
"pass through" the Configuration Address register to the PCI Bus. The CONFADD register contains the Bus 
Number, Device Number, Function Number, and Register Number for which a subsequent configuration 
access is intended. 
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Bit 
Descriptions 


31 
Configuration 
Enable (CONE). 1=Enable. O=Disable. 


.. 


30:24 
Reserved. 


23:16 
Bus 
Number 
(BUSNUM). 
When 
BUSNUM is programmed to OOh, the target 
of the 
configuration cycle is either the TXC or the PCI Bus that is directly connected to the TXC, 
depending on the Device Number field. If the Bus Number is programmed to OOhand the TXC is 
not the target, a type 0 configuration cycle is generated on PC!. If the Bus Number is non-zero, 
a type 1 configuration cycle is generated on PCI with the Bus Number mapped to AD[23:16] 
during the address phase. 


15:11 
Device Number (DEVNUM). This field selects one agent on the PCI Bus selected by the Bus 
Number. During a Type 1 Configuration cycle, this field is mapped to AD[15:11]. During a Type 0 
configuration cycle, this field is decoded and one of AD[31:11] is driven to 1. The TXC is always 
Device Number O. 


10:8 
Function 
Number (FUNCNUM). 
This field is mapped to AD[10:8] during PCI configuration 
cycles. This allows the configuration registers of a particular function in a multi-function device to 
be accessed. The TXC responds to configuration cycles with a function number of OOOb;all 
other function number values attempting access to the TXC (Device Number = 0, Bus Number = 
0) generate a type 0 configuration cycle on the PCI Bus with no IDSEL asserted, which results 
in a master abort. 


7:2 
Register Number (REGNUM). 
This field selects one register within a particular bus, device, 


and function as specified by the other fields in the Configuration Address register. This field is 
mapped to AD[7:2] during PCI configuration cycles. 


1:0 
Reserved. 
, 


3.1.2. 
CONFDATA----CONFIGURATION DATA REGISTER 


I/O Address: 
Default Value: 
Access: 


OCFCh 
OOOOOOOOh 
ReadlWrite 


CONFDATA is a 32-bit read/write window into configuration space. The portion of configuration space that is 
referenced by CONFDATA is determined by the contents of CONFADD. 


Bit 
Descriptions 


31:0 
Configuration 
Data Window 
(CDW). If bit 31 of CONFADD is 1, any I/O reference in the 
CONFDATA I/O space is mapped to configuration space using the contents of CONFADD. 
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3.2. 
PCIConfiguration Space MappedRegisters 


The PCI Bus defines a slot based 'configuration space' that allows each device to contain up to 256 B-bit 
configuration registers. The PCI specification defines two bus cycles to access the PCI configuration spac&- 
Configuration 
Read and Configuration 
Write. While memory and 1/0 spaces are supported by the Pentium 
processor, configuration space is not supported. The PCI specification defines two mechanisms to access 
configuration space, Mechanism #1 and Mechanism #2. The TXC only supports Mechanism #1 (both type 0 
and 1 accesses). Table 1 shows the TXC configuration space. 


The configuration access mechanism makes use of the CONFADD register and CONFDATA register. To 
reference a confiquration register, a Dword 1/0 write cycle is used to place a value into CONFADD that 
specifies the PCI Bus, the device on that bus, the function within the device, and a specific configuration 
register of the device function being accessed. CONFADD[31] must be 1 to enable a configuration cycle. 
Then, CONFDATA becomes a window onto four bytes of configuration space specified by the contents of 
CONFADD. Readlwrite accesses to CONFDATA generates a PCI configuration cycle to the address 
specified by CONFADD.. 


3.2.1. 
PCI CONFIGURATION ACCESS 


Type 0 Access: If the Bus Number field of CONFADD is 0, a type 0 configuration cycle is generated on PCI. 
CONFADD[10:2] is mapped directly to AD[10:2]. The Device Number field of CONFADD is decoded onto 
AD[31:11]. The TXC is Device #0 and does not pass its configuration cycles to PCI. Thus, AD11 is never 
asserted. (For accesses to device #1, AD12 is asserted, etc., to Device #20 which asserts AD31.) Only one 
AD line is asserted at a time. All device numbers higher than 20 cause a type 0 configuration access with no 
IDSEL asserted, which results in a master abort. 


Type 1 Access: If the Bus Number field of CONFADD is non-zero, a type 1 configuration cycle is generated 
on PCI. CONFADD[23:2] are mapped directly to AD[23:2]. AD[1:0] are driven to 01 to indicate a Type 1 
Configuration cycle. All other lines are driven to O. 


Table 1. TXC Configuration 
Space 


Address 
Register 
Register Name. 
Access 
Offset 
Symbol 


00-01h 
VID 
Vendor Identification 
RO 


02-03h 
DID 
Device Identification 
RO 


04-05h 
PCiCMD 
PCI Command 
RIW 


06-07h 
PCISTS 
PCI Status 
RO,RlWC 


08h 
RID 
Revision Identification 
RO 


09-0Bh 
CLASSC 
Class Code 
RO 


OCh 
- 
Reserved 
- 


ODh 
MLT 
Master Latency Timer 
RIW 


OEh 
HEADT 
Header Type 
- 


OFh 
BIST 
BIST 
RIW 


10-4Fh 
- 
Reserved 
- 


50h 
PCON 
PCI Control 
RIW 


51h 
- 
Reserved 
- 


52h 
CC 
Cache Control 
RIW 
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Address 
Register 
Register 
Name 
Access 
Offset 
Symbol 


53-55h 
- 
Reserved 
- 


56h 
DRAMEC 
DRAM Extended 
Control 
R/W 


57h 
DRAMC 
DRAM Control 
R/W 


58h 
DRAMT 
DRAM Timing 
R/W 


59-5Fh 
PAM[6:0] 
Programmable 
Attribute 
Map (7 registers) 
R/W 


60-67h 
DRB[7:0] 
DRAM Row Boundary 
(8 registers) 
R/W 


68h' 
DRT 
DRAM Row Type 
R/W 


69h 
DRAT 
DRAM Row Type 
R/W 


70-71h 
- 
Reserved 
- 


72h 
SMRAM 
System 
Management 
RAM Control 
r 
R/W 


73-8Fh 
- 
Reserved 
- 


90h 
ERRCMD 
Error Command 
R/W 


91h 
ERRSTS 
Error Status 
RO, RWC 


92h 
ERRSYN 
Error Syndrome 
RO 


93-FFh 
- 
Reserved 
- 


Table 
1. TXC Configuration 
Space 


3.2.2. 
VID--VENDOR 
IDENTIFICATION 
REGISTER 


Address 
Offset: 


Default Value: 
Attribute: 


00-01h 


8086h 
Read Only 


The VI D register 
contains 
the vendor 
identification 
number. 
This 
16-bit 
register 
combined 
with the 
Device 
Identification 
register 
uniquely 
identify 
any PCI device. 
Writes to this register 
have no effect. 


Bit 
Description 


15:0 
Vendor 
Identification 
Number: 
This is a 16-bit value assigned 
to tntel. 
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3.2.3. 
DI~EVICE 
IDENTIFICATION REGISTER 


Address Offset: 
Default Value: 
Attribute: 


02-03h 
1250h 
Read Only 


This 16-bit register combined with the Vendor Identification register uniquely identifies any PCI device. Writes 
to this register have no effect. 


Bit 
Description 


15:0 
Device Identification 
Number: 
This is a 16-bit value assigned to the TXC. 


3.2.4. 
PCICMD-PCI 
COMMAND REGISTER 


Address Offset: 
Default: 
Access: 


04-05h 
06h 
Read/Write 


This 16-bit register provides basic control over the TXC's ability to respond to PCI cycles. The PCICMD 
register in the TXC enables and disables the assertion of SERR# and PCI master accesses to main memory. 


Bit 
Descriptions 


15:10 
Reserved. 


9 
Fast Back-to-Back (FB2B): (Not Implemented) 
This bit is hardwired to O. 


8 
SERR# Enable (SERRE): 1=Enable. O=Disable. In systems that wish to report memory errors 
this bit should be set to 1 after memory has been scrubbed by BIOS 


7 
Address/Data Stepping: (Not Implemented) 
This bit is hardwired to O. 


6 
Parity Error Enable (PERRE): (Not Implemented) 
This bit is hardwired to O. 


5 
Video Pallet Snooping (VPS): (Not Implemented) 
This bit is hardwired to o. 


4 
Memory Write and Invalidate Enable (MWIE): (Not Implemented) 
This bit is hardwired to o. 
The TXC never uses the Memory Write and Invalidate PCI command. 


3 
Special Cycle Enable (SCE): (Not Implemented) This bit is hardwired to o. The TXC does not 
respond to PCI special cycles. 


2 
Bus Master Enable (BME): (Not Implemented) This bit is hardwired to 1. The TXC does not 
support disabling of its bus master capability on the PCI Bus. 


1 
Memory Access Enable (MAE): 1=Enable PCI master access to main memory, if the PCI 
address selects enabled DRAM space; O=Disable(TXC does not respond to main memory 
accesses). 


0 
1/0 Access Enable (IOAE): (Not Implemented) This bit is hardwired to o. The TXC does not 
respond to PCI 1/0 cycles. 
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3.2.5. 
PCISTS-PCI 
STATUS REGISTER 


Address Offset: 
Default Value: 
Access: 


06-07h 
0200h 
Read Only, ReadlWrite Clear 


PCISTS is a 16-bit status register that reports the occurrence of a PCI master abort and PCI target abort. 
PCISTS also indicates the DEVSEL# timing that has been set by the TXC hardware. Bits [15:12,8] are 
read/write clear and bits [10:9] are read only. 


Bit 
Descriptions 


15 
Detected Parity Error (OPE): (Not Implemented) 
This bit is hardwired to O. 


14 
Signaled System Error (SSE}-R/WC: 
This bit is set to a 1 whenever the TXC signals an 
SERR#. 


13 
Received Master Abort Status (RMAS)-RlWC: 
When the TXC terminates a Host-to-PCI 
transaction (TXC is a PCI master) with an unexpected master abort, this bit is set to 1. Note that 
master abort is the normal and expected termination of PCI special cycles. Software resets this 
bit to 0 by writing a 1 to it. 


12 
Received Target Abort Status (RTAS)-RlWC: 
When a TXC-initiated PCI transaction is 
terminated with a target abort, RTAS is set to 1. Software resets RTAS to 0 by writing a 1 to it. 


11 
Signa led Target Abort Status (STAS): This bit is hardwired to 0, as the TXC never terminates 
a PCI cycle with a target abort. 


10:9 
DEVSEL# Timing (DEVT) -RO: 
This 2-bit field indicates the timing of the DEVSEL# signal 
when the TXC responds as a target, and is hard-wired to the value 01b (medium) to indicate the 
slowest time that DEVSEL# is generated. 


8 
Data Parity Detected (DPD): This bit is hardwired to O. 
I" 


7 
Fast Back-to-Back (FB2B): (Not Implemented) This bit is hardwired to O. 


6 
User Defined Format (UDF): (Not Implemented) 
This bit is hardwired to O. The TXC does not 
contain any configurations that depend on the environment, such as network frequencies. 


5 
66 MHz PCI Capable (66C): (Not Implemented) 
This bit is hardwired to O. The TXC does not 


interface to 66 MHz PCI. 


4:0 
Reserved. 


3.2.6. 
RID-REVISION 
IDENTIFICATION REGISTER 


Address Offset: 
Default Value: 
Access: 


08h 
Refer to product stepping information 
Read Only 


This register contains the revision number of the TXC. These bits are read only and writes to this register 
have no effect. 


Bit 
Description 


7:0 
Revision Identification 
Number: 
This is an 8-bit value that indicates the revision identification 


number for the TXC. 
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Bit 
Description 


AO Stepping=OO 


A 1 Stepping=01 


A2 Stepping=02 


A3 Stepping=03 
, 


3.2.7. 
CLASSC---CLASS 
CODE 
REGISTER 


Address 
Offset: 


Default Value: 
Access: 


09-0Bh 


060000h 
Read Only 


This register 
contains 
the device 
programming 
interface 
information 
related to the Sub-Class 
Code and Base 


Class 
Code definition 
for the TXC. 
This 
register 
also contains 
the Base 
Class 
Code 
and the function 
sub- 


class in relation 
to the Base Class Code. 


Bit 
Description 


7:0 
Programming 
Interface 
(PI): OOh=No register-level 
programming 
interface 
defined. 


18:8 
Sub-Class 
Code 
(SCC): ·OOh=Host Bridge. 


23:16 
Base Class 
Code 
(BASEC): 
06=Bridge 
device. 


3.2.8. 
MLT-MASTER 
LATENCY 
TIMER 
REGISTER 


Address 
Offset: 
Default Value: 
Access: 


ODh 
OOh 
Read/Write 


ML T is an 8-bit register 
that controls 
the amount 
of time the TXC, as a bus master, 
can burst data on the PCI 


Bus. The Count Value 
is an 8-bit quantity. 
However, 
ML T[2:0] 
are hardwired 
to O. MLT is used to guarantee 
the host CPU a minimum 
amount 
of the system 
resources. 


Bit 
Description 


7:3 
Master 
Latency 
Timer 
Count 
Value. 
The number 
of clocks programmed 
in the ML T represents 
the guaranteed 
time slice (measured 
in PCI clocks) allotted to the TXC, after which it must 
surrender 
the bus as soon as other PCI masters 
request the bus. The default value of ML T is 
OOhor 0 PCI clocks. 


2:0 
Reserved. 
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3.2.9. 
HEADT-HEADER 
TYPE REGISTER 


Address Offset: 
OEh 
Default Value: . 
OOh 


Access: 
Read Only 


This register contains the Header Type of the TXC. This code is OOhindicating that the TXC's configuration 
space map follows the basic format. This register is read only. 


Bit 
Description 


7:0 
Header Type (HTYPE): OOh=Basicconfiguration space format. 


- 


3.2.10. 
BIST-BIST 
REGISTER 


Address Offset: 
Default Value: 
Access: 


OFh 
OOh 
ReadlWrite 


The Built In Self Test (BIST) function is not supported by the TXC. Writes to this register have no affect. 


Bit 
Descriptions 


7 
BIST Supported: This read only bit is always set to 0, disabling the BIST function. Writes to this 
bit position have no effect. 


6 
Start BIST: This function is not supported and writes have no effect. 


5:4 
Reserved. 


3:0 
Completion Code: This read only field always returns 0 when read and writes have no effect. 


3.2.11. 
ACON-ARBITRATION 
CONTROL 


Address Offset: 
Default Value: 
Access: 
Size: 


4Fh 
OOh 
ReadIWrite 
8 bits 


The ACON register enables and disables features related to the PCI arbitration and PCI 2.1 compliance. 


Bit 
Descriptions 


7 
Extended CPU-toPIIX PHLDA# Signalling 
Enable (XPLDE): When XPLDE = '1', the TXC 


adds the following additional signalling to signal PHLDA# (ie. In addition to the normal CPU/PIIX 
PHOLD/PHLDA# protocol); 


1) Whenever the TXC begins a PCI read/write transation, it will assert PHLDA# for 1 PCLK 
within the address phase of the transaction. 


2) If the CPU is attempting a LOCKed cycle AND LOCK has been established (ie. PLOCK# was 
seen deasserted in address phase), the PHLDA# remains asserted for one additional clock 
following the address phase. 
- 


6:3 
Reserved 
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Bit 
Descriptions 


2 
Enable 
Retry 
on 
First 
Transfer 
Disable 
(ERFD): 
When 
ERFD=O and GT2E=1, 
the TXC 
will 
retry a PCI cycle 
when the latency 
to the first data transfer 
is about 
to exceed 
32 PCI clocks. 
When 
ERFD=1 
or GT2E=0, 
the TXC will complete 
the first data transfer 
regardless 
of latency. 
This 
bit should 
be set to 0 for normal 
operation 
unless 
ECC is enabled, 
in which 
case this bit 
should be set to 1. 


1:0 
Reserved. 


3.2.12. 
PCO~CI 
CONTROL 


Address 
Offset: 
Default Value: 
Access: 


SOh 


OOh 
, 


Read/Write 
• 


The PCON register 
enables 
and disables 
features 
related to the PCI unit operation 
not already 
covered 
in the 
PCI required 
configuration 
space. 


Bit 
Descriptions 
, 


7 
DRAM 
ECC/Parlty 
Select 
(DE PS). 
1=ECC. 
O=Parity (default). 
Note that this bit also adjusts 
the 
DRAM timings 
as documented 
in the DRAM section 
to account 
for the ECC operation. 


S 
ECC TEST 
Enable 
(ETE). 
1=ECC 
Test Mode. 
O=Normal 
mode 
(default). 
When 
set, The TXC 
handles 
subsequent 
cycles to DRAM. 


S 
Shutdown 
to Port 92 (SP92). 
When SP92=0, 
the TXC forwards 
a Shutdown 
special 
cycle from 
the host bus to PCI. When SP92=1, 
the TXC writes 01 h to I/O address 
92 on PCI in response 
to 
a Shutdown 
special cycle on the host bus. 


4 
Dual 
Processor 
NA#. Enable 
(DPNAE). 
When 
DPNAE=O, 
the 82430FX 
PClset 
NA# policies 
are used. 
When 
DPNAE=1, 
the 
NA# assertion 
policies 
are modified 
to prevent 
deadlocks 
in 
dual-processor 
PCI 2.1 systems. 
DPNAE 
should 
be correctly 
set by BIOS prior to the L1 cache 
being enabled. 


3 
Peer 
Concurrency 
Enable 
(PCE). 
When 
PCE=1, 
the 
CPU 
will be allowed 
to run DRAM/L2 
cycles 
when non-PHLD 
PCI masters 
are running 
non-locked 
cycles 
targeting 
PCI peer devices. 


CPU-to-PCI 
cycles 
will be blocked 
(BRDY# 
stalled) 
during these 
peer cycles. 
When PCE=O, the 
CPU 
will be held off the 
bus during 
PCI peer cycles. 
This 
bit should 
be set to 1 for normal 
operation, 


2 
SERR# 
Output 
Type 
(SOT). 
1=SERR# 
is a normal 
output 
actively 
driven 
high when 
negated. 


O(default)=SERR# 
is an open drain output, 
compatible 
to the PCI SERR# 
signal. 
Note that SOT 
should 
not be programmed 
to a 1 if SERR# 
is connected 
to the PCI bus. SOT should 
only be 
programmed 
to a 1 in systems 
where 
SERR# 
is used as a sideband 
error signal 
(e.g. in ECC 
systems). 


1 
Reserved. 


0 
Global 
TXC Enable 
(GTE). 
This bit must be set to 1 to enable all new 82439HX 
features. 
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3.2.13. 
CC-CACHE 
CONTROL REGISTER 


Address Offset: 
Default Value: 
Access: 


52h 
SSSS0010 (S = Strapping option) 
ReadlWrite 


This 8-bit register defines the secondary cache operations. The CC register enables and disables the second 
level cache, adjusts cache size, selects the cache write policy, selects the caching policy when CACHE# is 
negated on reads, informs the TXC how the SRAMs are connected, and defines the cache SRAM type. After 
a hard reset, CC[7:4] reflect the signal levels on the Host address lines A[31:28]. 


Bit 
Description 


7:6 
Secondary Cache Size (SCS): This field reflects the inverted signal level on the A[31:30] pins 
at the rising edge of the RESET signal. The default value can be overwritten with subsequent 
writes to the CC register. The options are: 
Bits[7:6] 
Secondary Cache Size 
0 
0 
Cache not populated 
0 
1 
256 Kbytes 
1 
0 
512 Kbytes 
1 
1 
Reserved 
NOTE 


1. 
When SCS=OO,the secondary cache is disabled. 


2. 
To enable the L2 cache, SCS must be non-zero and the FLCE bit must be 1. 


5:4 
SRAM Type (SRAMT): 
This field reflects the inverted signal level on the A[29:28] pins at the 
rising edge of the RESET signal. The RESET values can be overwritten with subsequent writes 
to the CC register. The options are: 
Blts[5:4] 
SRAM Type 
0 
0 
One bank of Pipelined Burst 
0 
1 
Reserved 
1 
0 
Reserved 
1 
1 
Two banks of Pipelined Burst 


3 
NA Disable (NAD): 
When NAD=1, the TXC's NA# pin is never asserted. When NAD=O, NA# 
assertion is dependent on the cache type and size selected (via SRAMT, SCS). Note that NAD 
must be set to 1 if the NA pin of the TXC is not connected to the processor. This bit should be 
set to 0 for normal operation in systems that connect NA# to the processor. 


2 
Extended Cacheabllity 
Enable (ECE). 1=512-Mbyte limit (TIO[10:8] lines are enabled). 0=64- 
Mbyte limit (TIO[10:8] are disabled). 


1 
Secondary 
Cache Force Miss or Invalidate 
(SCFMI): 
When SCFMI=1, the L2 hit/miss 
detection is disabled, and all tag lockups result in a miss. 
If the L2 is enabled, the cycle is 
processed as a miss. If the L2 is populated but disabled (FLCE=O),then when SCFMI is set to a 
1, any CPU read cycle will invalidate the selected tag entry. When SCFMI=O, normal L2 cache 
hit/miss detection and cycle processing occurs. 


Software can flush the cache (cause all modified lines to be written back to DRAM) by setting 
SCFMI to a 1 with L2 enabled (non-zero SCS, FLCE=1) immediately after reading twice the size 
of the L2. 
NOTE 


For a 512-Kbyte cache, software must read 1 Mbyte of non-overlapping, cacheable 512-Kbyte 
regions from the memory before setting the SCFMI bit. 
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I 
Bit 
Description 


0 
First 
Level Cache 
Enable 
(FLCE): 
FLCE enables/disables the first level cache. When 
FLCE=1, the TXC responds to CPU cycles with KEN# asserted for cacheable memory cycles. 
When FLCE=O, KEN# is always negated and new cache line fills to either the first level or 
second level cache are prevented. Note that, when FLCE=1 and SCFMI=1, writes to the cache 
are also forced as misses. Thus, it is possible to create incoherent data between main memory 
and the L2 cache. A summary of FLCElSCFMI bit interactions is as follows: 


FLCE 
SCFMI 
L2 Cache Result 


0 
0 
Disabled 
0 
1 
Disabled; tag invalidate on reads 
1 
0 
Normal L2 cache operation (dependent on SCS) 
1 
1 
Enabled; miss forced on reads/writes 
e. 


3.2.14. 
DRAMEC-DRAM 
EXTENDED CONTROL REGISTER 


Address Offset: 
Default Value: 
Access: 


56h 
OOh 
Read/Write 


This 8-bit register contains additional controls for main memory DRAM operating modes and features. 


Bit 
Descriptions 


7:5 
Reserved. 


4 
Speculative 
Leadoff 
Enable (SLE). 
When SLE=1, the DRAM controller read request is 
presented 
before the final memory target (cache/DRAM/PCI) has been decoded by the TXC. 


This results in a 1 HCLK pull-in for all read leadoff latencies. Note that if the cycle does not 
actually target DRAM, the DRAM cycle is later terminated. 


3 
Turn-around 
Insertion 
Enable (TIEN): When TIEN=1, the TXC inserts one extra clock of turn- 
around on the MD lines after asserting MWE# before enabling the TXC MD buffers. When TIEN 
= 0, the TXC controls back-to-back DRAM cycles just like the 82430FX PClset. 


2:1 
Memory Address Drive Strength (MAD): This field controls the strength of the output buffers 
driving the MA and MWE# pins. 


Bit2 
Bit 1 
MAA[1 :O]/MAB[1:0] 
MA[11:2]/MWE# 
0 
0 
8mA 
8mA 
0 
1 
8mA 
12mA 
1 
0 
12 mA 
8mA 
1 
1 
12 mA 
12 mA 


0 
64 Mbit Mode Enable (64ME): 
When 64ME=1, the 64 Mbit density SIMMs are support by 
changing the MA address mux selection on row bit 11. Refer to the DRAM Interface section for 
more details. 
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3.2.15. 
DRAMC--DRAM 
CONTROL REGISTER 


Address Offset: 
Default Value: 
Access: 


57h 
01h 
Read/Write 


This 8-bit register controls main memory DRAM operating modes and features. 


Bit 
Description 


7:6 
Hole Enable (HEN): This field enables a memory hole in DRAM space. CPU cycles matching 
an enabled hole are passed on to PCI. PCI cycles matching an enabled hole are ignored by the 
TXC (no DEVSEL#). Note that a selected hole is not remapped. 


Bits[7:6] 
Hole Enabled 


00 
None 
01 
512 Kbytes - 640 Kbytes 
10 
15 -16 Mbytes 
11 
Reserved 


5:4 
Reserved. 


3 
EDO Detect Mode Enable (EDME): 
This bit, if set to a 1, enables a special timing mode for 
BIOS to detect EDO DRAM type on a bank-by-bank basis. Once all DRAM row banks have 
been tested for EDO, the EDME bit should be set to O.Otherwise, performance will be seriously 
impacted. 


2:0 
DRAM Refresh Rate (DRR): 
The DRAM refresh rate is adjusted according to the frequency 
selected by this field. Note that refresh is also disabled via this field, and that disabling refresh 
results in the eventual loss of DRAM data. 


Blts[2:0] 
Host Bus Frequency 
000 
Refresh Disabled 
001 
50 MHz 
010 
60MHz 
011 
66MHz 
1XX 
Reserved 


DRRO is initialized to the inverted signal level on A27 at the rising edge of reset. A jumpered 
pull-up resistor option on A27 allows the BIOS to read DRRO to determine 60 MHz bus 
operation. Otherwise, A27 should be externally pulled down for 66 MHz default. Subsequent 
writes to this field will override the reset strap value. 


3.2.16. 
DRAMT-DRAM 
TIMING REGISTER 


Address Offset: 
Default Value: 
Access: 


58h 
OOh 
Read/Write 


This 8-bit register controls main memory DRAM timings. 


Systems that support ECC must set read and write burst rates to x333 or slower. Additionally, x222 timings 
are only supported for systems designed for up to 4 DRAM SIMMS and which do not use extemal MA 
buffers. Only 60ns, or faster EDO DRAMs will meet x222 EDO timings. 
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Bit 
Description 


7 
Turbo Read Leadoff (TRL): This bit, when set, enables 
bypass 
of the first input register 
in the 
DRAM data pipeline, 
resulting 
in a 1 HCLK pull-in of all read 
leadofftimings. 
TRL can only be 
set to 1 in a cacheless 
configuration. 
NOTE 


It is iIIe~al to enable this feature 
if ERRCMD[1 
:0] is not 00. 


6:5 
DRAM Read Burst Timing (DRBT): The DRAM read burst timings 
are controlled 
by the DRBT 
field. 
Slower 
rates 
may be required 
in certain 
system 
designs 
to support 
layouts 
with longer 
trace lengths 
or 
slower 
DRAMs. 
Most system 
designs 
will be able to use one of the faster 
burst 
mode timings. 
The timing 
used depends 
on the type of DRAM on a per-bank 
basis, as indicated 
by the DRT register. 


DRBT 
EDO Burst Rate 


00 
x444 
01 
x333 
10 
x222 
11 
Reserved 


Standard Page Mode Rate 


x444 
x444 
x333 
Reserved 


4:3 
DRAM Write Burst Timing (DWBT): 
The 
DRAM 
write 
burst 
timings 
are 
controlled 
by the 
DWBT 
field. 
Slower 
rates 
may 
be required 
in certain 
system 
designs 
to support 
layouts 
with 
longer 
trace 
lengths 
or 
slower 
DRAMs. 
Most system 
designs 
will 
be able to use one of the 
faster burst mode timings. 


DWBT 


00 
01 
10 
11 


Burst Rate 


x444 
x333 
x222 
Reserved 


2 
Fast RAS to CAS Delay (FRCD): 
The DRAM 
row miss 
leadoff 
timings 
are controlled 
by the 
FRCD bit. 
When 
FRCD=1, 
the RAS active to CAS active delay is 2 clocks. 
When 
FRCD=O, the 
timing 
is 3 host 
clocks. 
Slower 
rates 
may 
be required 
in certain 
system 
designs 
to support 


layouts 
with 
longer 
trace 
lengths 
or 
slower 
DRAMs. 
If DLT=xO, FRCD 
must 
be set to O. If 
DLT=x1, either setting of FRCD is legal. 


1:0 
DRAM Leadoff Timing (DLT): 
The 
DRAM 
leadoff 
timings 
are controlled 
by the 
DLT bits. 


Slower 
rates 
may 
be required 
in certain 
system 
designs 
to support 
layouts 
with 
longer 
trace 
lengths 
or 
slower 
DRAMs. 
The page hit leadoff timings 
are summarized 
below: 
Page miss and 
bank miss timings 
are also affected 
(DL T controls 
the MA setup to the first CAS# assertion). 


DLTRead 
Leadoff 
Write Leadoff 
RAS# Precharge 
Refresh RAS Assertion 
00 
7 
6 
3 
4 
01 
6 
5 
3 
4 
10 
7 
6 
4 
5 
11 
6 
5 
4 
5 
NOTES 


1. 
The DLT field and the FRCD bit have cumulative 
affects 
(i.e., setting 
DLTO=O and FRCD=O 
results in two additional 
clocks between 
RAS# assertion 
and CAS# assertion). 


2. 
The SLE and TRL fields 
have subtractive 
effects 
for reads only 
(i.e., 
setting 
SLE=1 
and 
TRL=1 
results in two less clocks 
from the read leadoff count). 


3. 
If ECC is enabled, 
the combination 
of slow leadoffs 
(DL T=xO) and x222 write 
burst timings 
(DWBT =10) does not guarantee 
a 2-clock 
MWE# 
setup to CAS#. 
In all other cases, 
when 
DLT=xO, a 2-clock 
MWE# setup to CAS# is guaranteed. 
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3.2.17. 
PA~ROGRAMMABLE 
ATTRIBUTE 
MAP REGISTERS 
(PAM[6:0]) 


Address Offset: 
PAMO(59h) - 
PAM6 (5Fh) 
Default Value: 
OOh 
Attribute: 
ReadlWrite 


The TXC allows programmable memory and cacheability attributes on 14 memory segments of various sizes 
in the 640·Kbyte to 1-Mbyte address range. The PAM registers support these features. Three bits are used to 
specify L1 cacheability and memory attributes for each memory segment. These attributes are: 


Read Enable 
(RE) 
When RE=1, the CPU read accesses to the corresponding memory segment are 
directed to main memory. Conversely, when RE=O, the CPU read accesses are 
directed to PCI. 


When WE=1, the CPU write accesses to the corresponding memory segment are 
directed to main memory. Conversely, when WE=O, the CPU write accesses are 
directed to PCI. 


Cache 
Enable 
(eE) 
When CE=1, the corresponding memory segment is L1 cacheable. CE must not be 
set to 1 when RE is reset to 0 for any particular memory segment. When CE=1 and 
WE=O,the corresponding memory segment is cached in the first level cache only on 
CPU code read cycles. 
. 


The RE and WE attributes permit a memory segment to be Read Only, Write Only, ReadlWrite, or disabled. 
For example, if a memory segment has RE=1 and WE=O,the segment is Read Only. 


Write Enable 
(WE) 


Table 2. Attribute 
Definition 


ReadlWrite 
Definition 
Attribute 


Read Only 
Read cycles: CPU cycles are serviced by the DRAM in a normal manner. 
Write cycles: CPU initiated write cycles are ignored by the DRAM interface as well as 
the cache. Instead, the cycles are passed to PCI for termination. 
Areas marked as Read Only are L1 cacheable for Code accesses only. These 
regions are not cached in the second level cache. 


Write Only 
Read cycles: All read cycles are ignored by the DRAM interface as well as the second 
level cache. CPU-initiated read cycles are passed onto PCI for termination. The write 
only state can be used while copying the contents of a ROM, accessible on PCI, to 
main memory for shadowing, as in the case of BIOS shadowing. 
Write cycles: CPU write cycles are serviced by the DRAM and L2 cache in a normal 
manner. 


ReadlWrite 
This is the normal operating mode of main memory. Both read and write cycles from 
the CPU and PCI are serviced by the DRAM and L2 cache interface. 


Disabled 
All read and write cycles to this area are ignored by the DRAM and cache interface. 
These cycles are forwarded to PCI for termination. 


Each PAM register controls two regions, typically 16 Kbytes in size. Each of these regions has a 4-bit field. 
The four bits that control each region have the same encoding. 


PCI master access to DRAM space is also controlled by the PAM registers. If the PAM programming 
indicates a region is writeable, PCI master writes are accepted (DEVSEL# generated). If the PAM 
programming indicates a region is readable, PCI master reads are accepted. If a PCI write to a non-writeable 
DRAM region, or a PCI read to a non-readable DRAM region is seen, the TXC does not accept the cycle 
(DEVSEL# not asserted). PCI master accesses to enable memory hole regions are not accepted. 
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As an example, 
consider 
a BIOS that is implemented 
on the expansion 
bus. During the initialization 
process 


the BIOS can be shadowed 
in main memory 
to increase 
the system 
performance. 
When a BIOS is shadowed 
in main memory, 
it should 
be copied 
to the same 
address 
location. 
To shadow 
the BIOS, 
the attributes 
for 


that address 
range should 
be set to write only. The BIOS is shadowed 
by first doing a read of that address. 


This 
read is forwarded 
to the expansion 
bus. The CPU 
then 
does 
a write 
of the same 
address, 
which 
is 
directed 
to main memory. 
After the BIOS 
is shadowed, 
the attributes 
for that memory 
area are set to read 


only so that all writes are forwarded 
to the expansion 
bus. 


Table 
3. 
PAM Registers 
and Associated 
Memory 
Segments 


PAM Reg 
Attribute 
Bits 
Memory 
Segment 
Comments 
Offset 


7,3 
6,2 
5,1 
4,0 


PAMO[3:0] 
Reserved 
59h 


PAMO[7:4] 
R 
CE 
WE 
RE 
OFOOOOh-OFFFFFh 
BIOS Area 
59h 


PAM1[3:0] 
R 
CE 
WE 
RE 
OCOOOOh-OC3FFFh 
ISA Add-on 
BIOS 
5Ah 


PAM1[7:4] 
R 
CE 
WE 
RE 
OC4000h-OC7FFFh 
ISA Add-on 
BIOS 
5Ah 


PAM2[3:0] 
R 
CE 
WE 
RE 
OC8000h-OCBFFFh 
ISA Add-on 
BIOS 
5Bh 


PAM2[7:4] 
R 
CE 
WE 
RE 
OCCOOOh-OCFFFFh 
ISA Add-on 
BIOS 
5Bh 


PAM3[3:0] 
R 
CE 
WE 
RE 
ODOOOOh-OD3FFFh 
ISA Add-on 
BIOS 
5Ch 


PAM3[7:4) 
R 
CE 
WE 
RE 
OD4000h-OD7FFFh 
ISA Add-on 
BIOS 
5Ch 


PAM4[3:0) 
R 
CE 
WE 
RE 
OD8000h-ODBFFFh 
ISA Add-on 
BIOS 
SOh 


PAM4[7:4) 
R 
CE 
WE 
RE 
ODCOOOh-ODFFFFh 
ISA Add-on 
BIOS 
SOh 


PAM5[3:0) 
R 
CE 
WE 
RE 
OEOOOOh-OE3FFFh 
BIOS Extension 
5Eh 


PAM5[7:4) 
R 
CE 
WE 
RE 
OE4000h-OE7FFFh 
BIOS Extension 
5Eh 


PAM6[3:0) 
R 
CE 
WE 
RE 
OE8000h-OEBFFFh 
BIOS Extension 
5Fh 


PAM6[7:4) 
R 
CE 
WE 
RE 
OECOOOh-OEFFFFh 
BIOS Extension 
5Fh 


NOTES: 


The CE bit should 
not be changed 
while the L2 cache 
is enabled. 


DOS Application 
Area 
(OOOO0-9FFFh) 
Read, write, and cacheability 
attributes 
are always 
enabled 
and are not programmable 
for the 0-640-Kbyte 


DOS application 
region. 


Video 
Buffer 
Area (AOOOO-BFFFFh) 
This 
128-Kbyte 
area ·is not 
controlled 
by attribute 
bits. 
CPU-initiated 
cycles 
in this 
region 
are 
always 


forwarded 
to PCI for termination. 
This area is not cacheable. 


Expansion 
Area 
(COOOO-DFFFFh) 
This 
128-Kbyte 
area is divided 
into eight 
16-Kbyte 
segments. 
Each 
segment 
can be assigned 
one of four 


Read/Write 
states: 
read-only, 
write-only, 
read/write, 
or disabled 
Memory 
that 
is disabled 
is not remapped. 


Cacheability 
status can also be specified 
for each segment. 


Extended 
System 
BIOS Area 
(EOOOO-EFFFFh) 
This 
64-Kbyte 
area 
is divided 
into four 
16-Kbyte 
segments. 
Each 
segment 
can 
be assigned 
independent 


cacheability, 
read, and write attributes. 
Memory 
segments 
that are disabled 
are not remapped 
elsewhere. 
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System 
BIOS Area (FOOOO--FFFFFh) 
This area is a single 64-Kbyte segment. This segment can be assigned cacheability, read, and write 
attributes. When disabled, this segment is not rsmapped. 


Extended 
Memory 
Area (100000--FFFFFFFFh) 
The extended memory area can be split into several parts; 


• 
Flash BIOS area from 4 Gbytes to 4 Gbytes - 512 Kbytes (aliased on ISA at 16 Mbyte -15.5 
Mbyte) 


• 
DRAM Memory from 1 Mbyte to a maximum of 512 Mbytes 


• 
PCI Memory.space from the top of DRAM to 4 Gbytes - 512 Kbyte 


On power-up or reset the CPU vectors to the Flash BIOS area, mapped in the range of 4 Gbyte to 4 Gbyte 
minus 512 Kbyte. This area is physically mapped on the expansion bus. Since these addresses are in the 
upper 4-Gbyte range, the request is directed to PC!. 


The DRAM memory space can occupy extended memory from a minimum of 1 Mbyte up to 
512 Mbytes. 
This memory is cacheable. 


PCI memory space from the top of main memory to 4 Gbytes is always non-cacheable. 


3.2.18. 
DR~RAM 
ROW BOUNDARY 
REGISTERS 


Address Offset: 
Default Value: 
Access: 


DRBO(60h) - 
DRB? (6?h) 


02h 
ReadlWrite 


The TXC supports 8 rows of DRAM. Each row is 64 bits wide. The DRAM Row Boundary registers define 
upper and lower addresses for each DRAM row. Contents of these 8-bit registers represent the boundary 
addresses in 4-Mbyte granularity. 


DRBO= Total amount of memory in row 0 (in 4 Mbytes) 
DRB1 = Total amount of memory in row 0 + row 1 (in 4 Mbytes) 
DRB2 = Total amount of memory in row 0 + row 1 + row 2 (in 4 Mbytes) 
DRB3 = Total amount of memory in row 0 + row 1 + row 2 + row 3 (in 4 Mbytes) 
DRB4 = Total amount of memory in row 0 + row 1 + row 2 + row 3 + row 4 (in 4 Mbytes) 
etc ... 


The DRAM array can be configured with 512 K , 1 M, 4 M, or 16 M deep by 32 or 36-bit wide SIMMs. Each 
register defines an address range that causes a particular RAS# line to be asserted (e.g., if the first DRAM 
row is 8 Mbytes in size, accesses within the 0 to 8-Mbyte range cause RASO# to be asserted). The DRB 
registers are programmed with an 8-bit upper address limit value. This upper address limit is compared to 
A[29:22] of the Host address bus, for each row, to determine if DRAM is being tarqeted. 


Bit 
Description 


?:O 
Row Boundary 
Address: 
This 8-bit value is compared against address lines A[29:22] to 
determine the upper address limit of a particular row (i.e., DRB minus previous DRB = row size). 


Row Boundary 
Address 


These 8-bit values represent the upper address limits of the 8 rows (Le., this row minus previous row = row 
size). Unpopulated rows have a value equal to the previous row (row size = 0). DRB? reflects the maximum 
amount of DRAM in the system. The top of memory is determined by the value written into DRB? If DRB? is 
greater than 512 Mbytes, then 512 Mbytes of DRAM are available. 


As an example of a general purpose configuration where 4 physical rows are configured for either single- 
sided or double-sided SIMMs, the memory array would be confiqured as shown in Figure 2. In this 
configuration, the TXC drives two RAS# signals directly to the SIMM rows. If single-sided SIMMs are 
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populated, the even RAS# signal is used and the odd RAS# is not connected. If double-sided SIMMs are 
used, both RAS# signals are used. 


AAS7#___> •••__-"~~~:~_~_:k_ ••• 
SI~_,,<;_B~ok••• 
··········1 DAB71 


RAS6#--+ 
SIMM-7 Front 
SIMM-6 Front 
DRB6 


:::::::: 
-----~;~~~~~----- 
-----~-:~-~~-;~~----- 
·········1 ::: 
I 


AAS3#___> 
SIMM-' 
Back 
SIMM-, Book 
··········1DABS I 


RAS2#--+ 
SIMM-3 Front 
SIMM-2 Front 
DRB2 


RAS1# 
______ 
~~~~:_~_~~_~~ ~_I~_~_~~_~~:~ 8 


......... ~ 
RASO# 


CAS7# 
CAS5# 
CAS3# 
CAS1# 


CAS6# 
CAS4# 
CAS2# 
CASO# 


055103 


Figure 2. SIMMs and Corresponding 
ORB Registers 


The following 2 examples describe how the ORB registers are programmed for cases of single-sided and 
double-sided SIMMs on a motherboard having a total of four a-byte or eight 4-byte SIMM sockets. 


Example #1 
The memory array is populated with four single-sided 1MB x 32 SIMMs, a total of 16 Mbytes of DRAM. Two 
SIMMs are required for each populated row making each populated row a Mbytes in size. 


DRBO= 02h 
DRB1 = 02h 
DRB2 = 04h 
DRB3 = 04h 
DRB4 = 04h 
DRB5 = 04h 
DRB6 = 04h 
DRB7 = 04h 


populated (2 SIMMs, a Mbytes this row) 
empty row 
populated (2 SIMMs, a Mbytes this row) 
empty row 
empty row 
empty row 
empty row 
empty row 
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3.2.19. 
DRT-DRAM 
ROW TYPE REGISTER 


Address 
Offset: 


Default Value: 
Access: 


68h 
OOh 
Read/Write 


This 
8-bit 
register 
identifies 
the type 
of DRAM 
(EDO 
or page 
mode) 
used 
in each 
row, 
and 
should 
be 


programmed 
by BIOS for optimum 
performance 
if EDO DRAMs 
are used. The hardware 
uses these 
bits to 


determine 
the correct 
cycle timing to use before a DRAM cycle is run. 


Bit 
Description 


7:0 
DRAM 
Row Type (DRT): 
Each bit in this register 
corresponds 
to the DRAM row identified 
by 
the corresponding 
ORB register. 
When the DRT bit for a ORB register 
is programmed 
to a 0, 


then page mode DRAM timings 
are used for that bank. If the DRT bit for a ORB register 
is 
programmed 
to a 1, then EDO DRAM timings 
are used for that bank. 
DRT[O) corresponds 
to 
row 0, DRT[1) to row 1, etc. 


3.2.20. 
SMRAM-SYSTEM 
MANAGEMENT 
RAM CONTROL 
REGISTER 


Address 
Offset: 


Default Value: 
Access: 


72h 
02h 
Read/Write 


The System 
Management 
RAM Control 
register 
controls 
how accesses 
to this space are treated. 
The Open, 
Close, 
and Lock SMRAM 
Space bits function 
only when the SMRAM 
enable 
bit is set to a 1. Also, the OPEN 
bit should 
be reset before the LOCK bit is set. 


Bit 
Description 


7 
Reserved. 


6 
SMM Space Open (DO PEN): 
When .oOPEN=1 
and DLCK=O SMM space DRAM is made 
visible even when SMIACT# 
is negated. 
This is intended 
to help BIOS initialize 
SMM space. 


Software 
should ensure that DOPEN=1 
is mutually 
exclusive 
with DCLS=1. 
When 
DLCK is set 


to a 1, DOPEN 
is reset to 0 and becomes 
read only. 
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Bit 
Description 


5 
SMM Space 
Closed 
(DClS): 
When 
DCLS=1, 
SMM space DRAM is not accessible 
to data 
references, 
even if SMIACT# 
is asserted. 
Code references 
may still access 
SMM space DRAM. 


This allows SMM software 
to reference 
'through' 
SMM space to update the display 
even when 


SMM space is mapped 
over the VGA range. Software 
should ensure that DOPEN=1 
is mutually 


exclusive 
with DCLS=1. 


4 
SMM Space 
locked 
(DlCK): 
When 
DLCK is set to 1, DOPEN 
is reset to 0 and both DLCK 


and DOPEN 
become 
read only. DLCK can be set to 1 via a normal configuration 
space write but. 


can only be cleared 
by a power-on 
reset. The combination 
of DLCK and DOPEN 
provide 
convenience 
with security. 
The BIOS can use the DOPEN function 
to initialize 
SMM space and 


then use DLCK to 'lock down' 
SMM space in the future so that no application 
software 
(or BIOS 
itself) can violate the integrity 
of SMM space, 
even if the program 
has knowledge 
of the DOPEN 


function. 


3 
SMRAM 
Enable 
(SMRAME): 
If set to a 1, the SMRAM 
function 
is enabled, 
providing 
128 
Kbytes of DRAM accessible 
at the AOOOOhaddress 
while in SMM (ADS# with SMIACT#). 
Refer 
to the section 
on SMM for more details. 


2:0 
SMM Space 
Base Segment 
(DBASESEG): 
This field programs 
the location 
of SMM space. 


'SMM 
DRAM' 
is not remapped. 
It is simply 
'made 
visible' 
if the conditions 
are right to access 


SMM space, otherwise 
the access is forwarded 
to PC!. 
DBASESEG 
= 010 is the only allowable 


setting, 
which selects the SMM space as AOOOO-BFFFFh. 
All other values are reserved. 
PCI 
initiators 
are not allowed 
access to SMM space. 


Table 5 summarizes 
the operation 
of SMRAM 
space cycles targeting 
SMI space addresses 
(A-segment): 


Table 
4. 
SMRAM 
Space 
Cycles 


SMRAME 
DlCK 
DClS 
DOPEN 
SMIACT# 
Code 
Fetch 
Data 


Reference 


0 
X 
X 
X 
X 
PCI 
PCI 


1 
0 
0 
0 
0 
DRAM 
DRAM 


1 
0 
X 
0 
1 
PCI 
PCI 


1 
0 
0 
1 
X 
DRAM 
DRAM 


1 
0 
1 
0 
0 
DRAM 
PCI 


1 
0 
1 
1 
X 
INVALID 
INVALID 


1 
1 
0 
X 
0 
DRAM 
DRAM 


1 
1 
X 
X 
1 
PCI 
PCI 


1 
1 
1 
X 
0 
DRAM 
PCI 
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3.2.21. 
ERRCMD-ERROR 
COMMAND 
REGISTER 


Address 
Offset: 


Default Value: 
Access: 


90h 
OOh 
Read/Write 


This s-blt register 
controls 
the operation 
of the Error Detection 
and Correction 
feature. 


Bit 
Description 


7 
SERR# 
Duration 
(SED). This bit determines 
the duration 
that SERR# 
is asserted 
when the TXC 
signals an error. The TXC signals an error if PCICMD[SERRE)=1 
and ERRCMD[SMUE)=1 
when 
an uncorrectable 
ECC or parity error is detected, 
or PCICMD[SERRE)=1 
and 
ERRCMD[SSCE)=1 
when a correctable 
ECC error is detected, 
or PCICMD[SERRE)=1 
and 
ERRCMD[SMUE)=1 
when a correctable 
ECC error is detected. 


When SED=O and the conditions 
above are met, SERR# 
is asserted 
for 1 PCI clock. 
This 
setting, 
also referred 
to as pulse mode, is used to report memory 
errors via NMI. 


When SED=1, 
once SERR# 
becomes 
asserted, 
it will remain asserted 
until the error flags (MEF, 


SET) with a respective 
enable 
set (SMUE, 
SSCE) are cleared 
(Le., MEF'SMUE 
+ 
SEF'SSCE=O). 
This setting, 
also referred 
to as level mode, is used to report memory 
errors via 
an SMI event or APIC interrupt. 


Note that the SED setting does not affect software-generated 
error signaling 
that is always 
a 
pulse mode (see MEF description). 


This bit should be programmed 
to the same value as PCON[SOT, 
bit 2}. 


6:3 
Reserved. 


2 
Bad PAR on Multiple-Bit 
Uncorrectable 
Error 
(BPARE). 
When 
BPARE=1, 
the TXC forces 
incorrect 
PCI parity on PCI read data starting 
from the time that an uncorrectable 
DRAM read 
error occurs (either a multi-bit 
ECC or parity error) during a PCI read cycle until the end of that 
current cycle. 
Subsequent 
PCI read cycles will have correct 
parity presented. 
Note that it is the 
uncorrectable 
read event that begins the bad parity forcing, 
not the state of the MEF flag. 
Also, 
bad parity is immediately 
delivered 
to PCI, even if the error event occurs during a read prefetch 
for data that the PCI master may ultimately 
not request 
in that cycle. 
For systems 
not supporting 
either ECC or parity, 
this bit must be set to O. 


1 
SERR# 
on Multiple-Bit 
Uncorrectable 
Error 
(SMUE). 
When SMUE=1, 
the TXC asserts 
SERR# when it detects 
a multi-bit 
ECC or parity 
error. When SMUE=O, the TXC does not 
assert 
SERR# on multi-bit 
or parity errors. The SERR# 
Enable bit (SERRE) 
in the PCICMD 
register 
must also be set to signal the SERR#. 
For systems 
not supporting 
either ECC or parity, 


this bit must be set to O. 


0 
SERR# 
on Single-Bit 
Correctable 
Error 
(SSCE). 
When SSCE=1, 
the TXC asserts 
SERR# 
when it detects 
a single-bit 
ECC error. When SSCE=O, the TXC will not assert 
SERR# 
on single- 
bit errors. 
The SERR# 
Enable bit (SERRE) 
in the PCICMD 
register 
must also be set to signal 
the SERR#. 
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Table 5 shows the SED and SOT configurations: 


Table 
5. 
SED/SOT 
Configurations 


SED 
SOT 
System 
Configuration 


0 
0 
SERR# 
output connected 
to PCI, DRAM errors signaled 
via NMI. 
- 


0 
1 
Reserved 
. 


1 
0 
Reserved 


1 
1 
SERR# 
output connected 
to external 
logic, DRAM errors signaled 
via SMI. 


3.2.22. 
ERRST~RROR 
STATUS 
REGISTER 


Address 
Offset: 
Default Value: 
Access: 


91h 
OOh 
Read Only / Read Write Clear 


This 8-bit register 
contains 
status of the operation 
of the Error Detection 
and Correction 
feature. 


Bit 
Description 


7:5 
Multi-Bit 
First 
Row Error 
(MBFRE) 
This field is the encoded 
value of the DRAM row 
associated 
with the multi-bit 
error. 
When an error is detected, 
this field is updated 
and the MEF 
bit is set. This field will be locked 
(no further 
updates) 
until the MEF flag has been reset. When 
MEF=O, the value in this field is undefined. 


4 
Multi-Bit 
(uncorrectable) 
Error 
Flag (MEF). The TXC sets this bit to 1 when 
an uncorrectable 
multi-bit 
errors 
is detected 
with ECC enabled. 
If SERR# 
signaling 
is enabled 
by the 
ERRCMD[SMUE] 
bit, and PCICMD[SERRE] 
is set, then the error is reported 
via the SERR# 
pin. 


, 
SERR# 
must be disabled, 
by setting 
PCICMD[SERRE]='O' 
before any write to the ERRSTS 
register 
except the ones which are done for the explicit 
purpose 
of generating 
a SERR#. 
Before 
any write to the ERRSTS 
register, 
the MEF and SEF bits must be checked, 
since any write to 
this register-will 
clear these bits. For example, 
when software 
is writing to the ERRSTS 
register 
for clearing 
SEF or MEF bits, SERR# 
should be disabled. 
In systems 
which 
use SMI# for 
reporting 
ECC errors, when SERR# 
is asserted 
due to an uncorrectable 
error, the SMI routine 
should do the following 
sequence: 


1. 
Read the ECC error flags (MEF, SEF) to determine 
that an uncorrectable 
error has 
occurred. 


2. 
Disable SERR# 
by setting 
PCICMD 
[SERRE]='O'. 


3. 
Clear MEF bit by writing 
'1' to it. 


4. 
Enable SERR# 
again. 


5. 
Write '1' to MEF bit to create an NMI event. 


3:1 
Single-Bit 
First 
Row Error 
(SBFRE) 
This field is the encoded 
value of the DRAM row 
associated 
with the first single bit error. When an error is detected, 
this field is updated 
and the 
SEF bit is set. This field will be locked 
(no further 
updates) 
until the SEF flag has been reset. 


When SEF=O, the value in this field is undefined. 
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This 
register 
contains 
the latest 
non-zero 
error syndrome, 
associated 
with the error row identified 
by either 
the MBFRE 
or SBFRE 
fields. 


Bit 
Description 


7:0 
Error 
Syndrome. 
When ECC is enabled, 
bits 7:0 contain 
the latest non-zero 
error syndrome. 


The error syndrome 
remains 
latched 
until software 
unlocks the respective 
field by clearing 
either 


the MI=F or SEF bit. 
Multi-bit 
errors take priority over single-bit 
errors, so that if both MEF and 
SEF are signaled, 
the syndrome 
will be the one associated 
with the multi-bit 
error (MBFRE). 
In 


parity mode, this contents 
of this register 
are undefined. 
Writes to ERRSYN 
have no effect. 
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4.0. 
FUNCTIONALDESCRIPTION 


This section provides a functional description of the TXC including the Host bus interface, PCI bus interface, 
DRAM interface, L2 cache interface, PCI bus arbitration, and clock generation. 


4.1. 
Host Interface 


The Host Interface of the TXC is designed to support the Pentium processor. The host interface of the TXC 
supports 50 MHz, 60 MHz, and 66 MHz bus speeds. The TXC also supports the Pentium processors's dual 
processing mode. The TXC supports the Pentium processor with a full 64-bit data bus, 32-bit address bus, 
and associated internal write-back cache logic. Host bus addresses are decoded by the TXC for accesses to 
main memory, PCI memory, and PCI I/O. The TXC also supports the pipelined addressing capability of the 
Pentium processor. 


4.2. 
PCI Interface 


The TXC is fully compliant to the PCI 2.1 Specification. The TXC integrates a high performance interface to 
the PCI local bus taking full advantage of the high bandwidth and low latency of the PCI. Five PCI masters 
are supported by the integrated arbiter including four general purpose PCI masters and an optimized 
arbitration for the PCI-to-ISA bridge. The PCI-to-ISA bridge arbitration dynamically allocates bandwidth to 
PIIX3 to optimize system latencies for superior Universal Serial Bus (USB) performance. 


TXC enhances the basic snoop protocol by allowing pipelining of snoops between two PCI cycles. Thus, 
more efficient back-to-back frames are possible, especially for short burst cycles. 


The PCI interface does not assert PLOCK# on a write cycle, unless PLOCK# was already properly 
established by a prior read (Le., read completed without a retry). If a locked cycle is initiated to a read-only 
PAM region, the cycle is handled on the host bus as a locked cycle, and the write propagates to PCI as a 
normal, unlocked, write cycle. 


4.3. 
SecondaryCache Interface 


The TXC integrates a high performance write-back second level cache controller using internal/external tags 
and provides a full first level and second level cache coherency mechanism. The second level cache is direct 
mapped, non-sectored, and supports a write-back cache policy. Cache lines are allocated on read misses (no 
write allocate). 


The second level cache can be configured to support either a 256-Kby1e or 512-Kby1e cache using 
synchronous pipelined burst SRAMs. (Note that the TXC does not support asynchronous or burst SRAMs for 
the cache memory.) For a 256-Kby1e configuration, an 8kx8 standard SRAM is used to store the tags (64- 
Mby1ememory space cacheability limit). For the 512-Kbyte configuration, a 16kx8 standard SRAM is used to 
store the tags and the valid bits tags (64-Mby1ememory space cacheability limit). The TXC also supports an 
optional extended memory space cacheability limit of 512 Mby1es. 


A second level cache line is 32 By1eswide. In the 256-Kbyte configurations, the second level cache contains 
8k lines, while the 512-Kbyte configurations contain 16k lines. Valid and modified status bits are kept on a 
per-line basis. Cacheability of the entire memory space in first level cache is supported. The memory space 
cacheability for the secondary cache is either 64 Mbytes or 512 Mby1esof main memory, depending on the 
programming of the ECE bit in the CC register. Table 6 shows the tag sizes needed to support different sizes 
of cacheability. Only main memory controlled by the TXC DRAM interface is cached. PCI memory is not 
cached. 
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Table 6. Cacheability 


Cache Size 
Tag Size 
Cacheability 


256 Kbyte 
8K by 8 bits 
64 Mbyte 


256 Kbyte 
8K by 9 bits 
128 Mbyte 


256 Kbyte 
8K by 10 bits 
I 
256 Mbyte 


256 Kbyte 
8K by 11 bits 
512 Mbyte 


512 Kbyte 
16K by 8 bits (including valid bit) 
64 Mbyte 


512 Kbyte 
16K by 9 bits (including valid bit) 
128 Mbyte 


512 Kbyte 
16K by 10 bits (including valid bit) 
256 Mbyte 


512 Kbyte 
16K by 11 bits (including valid bit) 
512 Mbyte 


Table 7 shows the different standard SRAM access time requirements for different host clock frequencies. 


Table 7. SRAM Access Time Requirements 


Host Clock Frequency (MHz) 
Pipelined Burst Clock-to-Output 
Tag RAM Cycle Time (ns) 
Access Time (ns) 


50 
13.5 
20 


60 
10 
15 


66 
8.5 
15 


- 


'4.3.1. 
CLOCK LATENCIES 


Table 8 lists the latencies for various processor transfers to/from the second level cache. 


Table 8. Second Level Cache Latencies with Pipelined Burst SRAM 


Cycle Type 
HCLK Count 


Burst Read 
3-1-1-1 


Burst Write (write back) 
3-1-1-1 


Single Read 
3 


Single Write 
3 
. 


Pipelined Back-to-Back Burst Reads 
3-1-1-1.1-1-1-1 (note 1) 


Pipelined Back-to-Back Burst Reads (dual bank) 
3-1-1-1.2-1-1-1 (note 1) 


NOTES: 


1. 
The back-to-back 
cycles do not account 
for CPU idle clocks 
between 
cycles. 
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4.3.2. 
SNOOPCYCLES 


The snoop (i.e., inquire) cycle is used to probe the first level and second level caches when a PCI master 
attempts to access main memory. This is done in order to maintain coherency between the first and second 
level caches and main memory. Each cache line accessed during PCI master DRAM transfers is snooped by 
the TXC. 


To maintain optimum PCI bandwidth to DRAM, the TXC utilizes a "snoop ahead" algorithm. Once the snoop 
for the first cache line of a transfer has completed, the TXC will automatically snoop the next sequential 
cache line. This snoop ahead policy eliminates most data stall delays while waiting for snoop results. 


Reads 


When a write-back occurs due to a PCI read cycle snoop, the resulting write-back data is returned to the 
merge buffer. Data from the merge buffer is then returned directly to PCI, eliminating the delay to perform the 
write-back to DRAM and a subsequent DRAM read before returning valid data to PC!. 


Writes 


When a write-back occurs due to a PCI write cycle snoop, the resulting write-back data is merged with the 
incoming PCI write data. The PCI data will not stall while waiting for a write-back to complete unless there is 
no space in the merge buffer for the write-back data. 


4.3.3. 
CACHE ORGANIZATION 


Figure 3 and Figure 4 show the connections between the TXC and the external tag RAM and data SRAM. 
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Figure 3. 256 KB Second Level Cache with PBSRAM (64 MB cacheablllty) 
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DRAM CACHE 


82439HX 
(TXC) 


TXC supports DRAM 
cache. 
The TIO[10] pin has to be pulled up for DRAM cache. 
Extended cache and 


DRAM cache are mutually exclusive. 


For single processor systems using a DRAM cache, register 51, bit 5 in the 82439HX 
should be set to a 1. 


For dual processor systems using a DRAM cache and using the cCO (or later) stepping of the Pentium® 
processor, this bit should also be set to a 1. 
For dual processor systems using earlier steppings of the 
Pentium® processor, the DRAM cache is not supported. 
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Figure 4. 512 KB Second Level Cache with PBSRAM (64 MB cacheablllty) 
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4.4. 
DRAM Interface 


The TXC integrates a DRAM controller that supports a 64-bit memory array and main memory sizes from 4 
Mbytes to 512 Mbytes. The TXC generates all control signals (such as RAS#, CAS#, WE# (using MWE#)) 
and multiplexed addresses for the DRAM array. The address and data flows through the'TXC for all DRAM 
accesses. 


The TXC supports industry standard 32- and 36-bit wide memory modules with fast page-mode DRAMs and 
supports 
EDO (Extended 
Data Out) 
DRAMs. Twelve 
multiplexed address 
lines 
(MA[11:0]) support 


512Kx32/36, 
1Mx32/36,2Mx32/36, 
4Mx32/36, 8Mx32/36, and 
16Mx32/36 SIMMs, both symmetrical and 
asymmetrical addressing. Eight RAS# lines support up to eight rows of DRAM. Eight CAS# lines allow byte 
control over the array during write operations. The TXC supports 50 ns, 60 ns, and 70 ns DRAMs (both single 
and double-sided SIMM's). The TXC also provides an automatic CBR refresh, at a rate of 1 refresh per 15.6 
microseconds at 66 MHz, 60 MHz, and 50 MHz. 


The DRAM interface of the TXC is configured by the DRAM Control Mode register, DRAM Extended Control 
register, DRAM Timing (DRAMT) register, the eight DRAM Row Boundary (DRB) registers, and the DRAM 
Row Type (DRT) registers. The DRAM Control and Timing registers configure the DRAM interface to select 
fast page-mode or EDO DRAMs, RAS timings, and CAS rates. The eight DRB registers define the size of 
each row in the memory array, enabling the TXC to assert the proper RAS# line for accesses to the array. 


Seven Programmable Attribute Map (PAM) registers are used to specify the cacheability, PCI enable, and 
read/write status of the memory space between 640 Kbytes and 1 Mbyte. Each PAM register defines a 
specific address area enabling the system to selectively mark specific memory ranges as cacheable, read- 
only, write-only, read/write, or disabled. When a memory range is disabled, all CPU accesses to that range 
are forwarded to PCI. 


The TXC also supports one of two memory holes, either from 512 Kbytes to 640 Kbytes or from 15 Mbytes to 
16 Mbytes in main memory. Accesses to the memory holes are forwarded to PCI. The memory hole can be 
enabled/disabled through the DRAM Control register. All other memory from 1 Mbyte to 512 Mbytes is 
read/write and is cacheable. 


The SMRAM memory space is controlled by the SMRAM Control register. This register selects if the SMRAM 
space is enabled, opened, closed, or locked. 


4.4.1. 
DRAM ORGANIZATION 


Figure 5 illustrates a 4-SIMM configuration that supports a motherboard row and 4 double-sided SIMM's. A 
row in the DRAM array is made up of two SIMM's that share a common RAS# line. RASO# is routed to 
motherboard memory and comprises row O. Within any given row, the two SIMMs must be the same size. 
Among the 
rows, SIMM densities can be mixed in any order. Each row is controlled by 8 CAS lines. EDO 
and Standard page mode DRAM's can be mixed between rows: however, a given row must contain only one 
type of DRAM. When DRAM types are mixed (EDO and standard page mode) each row will run optimized for 
that particular type of DRAM. 
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Figure 5. SIMM Socket 


The fastest possible leadoff and burst times are easier to achieve by using a subset of the RAS# lines. 
Depending on the system layout, the DRAMEC[MAD) configuration field can be used to provide optimum 
address drive for a small number of rows. 
. 


Rules for Populating 
the Memory 
Array 


The following rules apply to the SIMM configuration. 


• 
SIMM sockets must be populated in pairs. The memory array is 64- or 72-bits wide. 


• 
SIMM sockets can be populated in any order (i.e., memory for RASO# does not have to be populated 
before memory for RAS[2:1)# or RAS[4:3)# are used). 


• 
SIMM socket pairs need to be populated with the same densities. For example, SIMM sockets for 
RAS[2:1)# should be populated with identical densities. However, SIMM sockets for RAS[4:3)# can be 
populated with different densities than the SIMM socket pair for RAS[2:1)#. 


• 
EDO and standard page mode can both be used. However, only one type should be used per SIMM 
socket pair. For example, in the table shown below SIMM sockets for RAS[2:1)# can be populated with 
EDOs while SIMM sockets for RAS[4:3)# can be populated with standard page mode. If different memory 
is used for different rows, each row will be optimized for that type of memory. 


• 
The DRAM Timing register which provides the DRAM speed grade control for the entire memory array 
must be programmed to use the timings of the slowest DRAMs installed. 
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Table 9. Sample Of Possible Mix And Match Options For SIMMs 


RASx# 
Lines 
ORB Registers 
Total 


0 
1,2 
3,4 
5,6 
7 
0 
1 
2 
3 
4 
5 
6 
7 
Mem 


8M/S 
0 
0 
0 
0 
02h 
02h 
02h 
02h 
02h 
02h 
02h 
02h 
8MB 


0 
4M/S 
0 
0 
0 
0 
01h 
01h 
01h 
01h 
01h 
01h 
01h 
4MB 


0 
0 
8M/S 
0 
0 
0 
0 
0 
02h 
02h 
02h 
02h 
02h 
8MB 


8M/S 
8M/S 
0 
0 
0 
02h 
04h 
04h 
04h 
04h 
04h 
04h 
04h 
16MB 


4M/S 
8M/S 
8M/S 
0 
0 
01h 
03h 
03h 
05h 
05h 
05h 
05h 
05h 
20 MB 


8M/S 
16M/S 
0 
0 
0 
02h 
06h 
06h 
06h 
06h 
06h 
06h 
06h 
24 MB 


8M/S 
16M/S 
16M/S 
0 
0 
02h 
06h 
06h 
OAh 
OAh 
OAh 
OAh 
OAh 
40MB 


8M/S 
32M/S 
0 
0 
0 
02h 
OAh 
OAh 
OAh 
OAh 
OAh 
OAh 
OAh 
40MB 


8M/S 
32M/S 
32M/S 
0 
0 
02h 
OAh 
OAh 
12h 
12h 
12h 
12h 
12h 
72 MB 


0 
0 
32M/S 
0 
0 
0 
0 
0 
08h 
08h 
08h 
08h 
.o8h 
32MB 


4M/S 
32M1D 
64M/D 
0 
0 
01h 
05h 
09h 
11h 
19h 
19h 
19h 
19h 
104MB 


0 
64M1D 
64M/D 
0 
0 
0 
08h 
10h 
18h 
20h 
20h 
20h 
20h 
128MB 


8M/S 
64M1D 
64M/D 
0 
0 
02h 
OAh 
12h 
1Ah 
22h 
22h 
22h 
22h 
136 MB 


0 
0 
64M/D 
0 
0 
0 
0 
0 
08h 
10h 
10h 
10h 
10h 
64MB 


RASx# 
Lines 
ORB Registers 
Total 


0,1 
2,3 
4,5 
6,7 
0 
1 
2 
3 
4 
5 
6 
7 
Mem 


64M/D 
64M1D 
64M/D 
64M/D 
08h 
10h 
18h 
20h 
28h 
30h 
38h 
40h 
256MB 


64M/S 
64M/S 
64M/S 
64M/S 
10h 
10h 
20h 
20h 
30h 
30h 
40h 
40h 
256MB 


128M1D 
128M1D 
128M/D 
128M1D 
10h 
20h 
30h 
40h 
50h 
60h 
70h 
80h 
512MB 


128M/S 
128M/S 
128M/S 
128M/S 
20h 
20h 
40h 
40h 
60h 
60h 
80h 
80h 
512MB 


NOTES: 


'S' 
denotes 
single-sided 
SIMM's, 
"D" denotes 
double-sided 
SIMM's. 


Table 10 provides a summary of the characteristics of memory configurations supported by the TXC. 
Minimum values listed are obtained with single-sided SIMMs and maximum values are obtained with double- 
sided SIMMs. Note that for a 64-bit wide memory array, a minimum of two 32-/36-bit wide DRAM SIMM 
configuration is required. The minimum values used are also the smallest upgradeable memory size. 
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Table 
10. 
Minimum 
(Upgradeable) 
and. Maximum Memory 
Size for each configuration 


DRAM 
DRAM 
DRAM 
DRAM SIMM 
DRAM 
Address 
Size 
DRAM 
Size 


Tech. 
Density 
Width 
SS 
DS 
Addressing 
Row 
Colum 
Min 
Max 
x32 or 36 
x32 or 36 
n 
(UP) 


4M 


512K 
8 
512K 
1M 
Asymmetric 
10 
9 
4 MB 
32 MB 


1M 
4 
1M 
2M 
Symmetric 
10 
10 
8 MB 
64 MB 


16M 


1M 
16 
1M 
2M 
Symmetric 
10 
10 
8 MB 
64 MB 


2M 
8 
2M 
4M 
Asymmetric 
11 
10 
16 MB 
128 
MB 


4M 
4 
4M 
8M 
Symmetric 
11 


I 
11 
32 MB 
256 
MB 


4M 
4 
4M 
8M 
Asymmetric 
12 
10 
32 MB 
256 
MB 


64M 


4M 
16 
4M 
8M 
Symmetric 
11 
11 
32 MB 
256 
MB 


8M 
8 
8M 
16M 
Asymmetric 
12 
11 
64MB 
512 
MB 


16M 
4 
16M 
32M 
Symmetric 
12 
12 
128 
512 
MB 
MB 


The memory organization (Figure 6) represents the maximum 512 Mbytes of address space. Accesses to 
memory space above top of DRAM, video buffer, or the memory gaps (if enabled) are forwarded to PCI, and 
these regions are not cacheable. Below 1 Mbyte, there are several memory segments that have selectable 
cacheability. None of the DRAM space occupied by the video buffer or the memory space gaps is remapped 
and is therefore "lost'. 
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Figure 6. Memory Space Organization 


4.4.2. 
DRAM ADDRESS TRANSLATION 


The multiplexed row/column address to the DRAM memory array is provided by the MA[11 :0] signals. The 
MA[11 :0] bits are derived from the host or PCI address bus as defined by Table 11. Note that the lower 10 
row address bits and all the column address bits are fixed. The upper 2 row address bit selection varies for 
each row, and is dependent on the row mux option programmed for that row. 


Table 11. DRAM Address Translation 


Row 
MA 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
Mux 
[11:0) 
Option 


64M 
Row 
A25 
Default 


Default 
Row 
A24 
A23 
A21 
A20 
A19 
A1B 
A17 
A16 
A15 
A14 
A13 
A12 


Col 
A26 
A24 
A22 
A11 
A10 
A9 
AB 
A7 
A6 
A5 
A4 
A3 
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The DRAM addressing and the size supported by these options is shown in Table 12. 


Note: 12 x 8 Asymmetric DRAM is not supported. 


Table 12. Memory Mapping Options 


Memory Organization 
Addressing 
Address size 


4MB 
.' 


512K x8 
Asymmetric 
." 
10 x 9 


1M x 4 
Symmetric 
10 x 10 


16 MB 


1M x 16 
Symmetric 
., 
10 x 10 


2M x 8 
Asymmetric 
11 x 10 


4M x4 
Symmetric 
11 x 11 


4M x4 
Asymmetric 
12 x 10 
, 
., 


64 MB 
\ 


4M x 16 
, 
Symmetric 
11 x 11 


8Mx8 
. 
Asymmetric 
12 x 11 


16M x4 
Symmetric 
12 x 12 
. 


4.4.3. 
DRAM TYPES 


FPM Mode 


The TXC, as a default, supports the standard fast page mode (FPM) DRAM. 


EDO Mode 


Extended Data Out DRAM is designed to improve the DRAM read performance. EDO DRAM holds the 
memory data valid until the next CAS# falling edge. Compared to standard page mode DRAM which tri-states 
the memory data when CAS# negates to precharge. With EDO the CAS# precharge overlaps the memory 
data valid time. This allows CAS# to negate earlier while still satisfying the memory data valid window time. 


Auto-Detection 


A special timing mode (DRAMC[EDME]) may be used for BIOS to detect EDO DRAM's on a bank-by-bank 
basis. The BIOS first assumes all memory is EDO (sets EDO) and writes a pattern sequence to the main 
memory. The BIOS then sets the EDO/FPM detect bit to enable the TXC's hardware detect mode. The BIOS 
then reads the memory location that was previously written. Any read subsequent to the setting of the 
EDO/FPM detect mode bit will go through the following sequence: 


• 
The TXC waits for the refresh timeout and then asserts CAS# for 3 host clocks. 


• 
The TXC waits for another refresh timeout. 


• 
For a timeout, the DRAM controller latches the data present on the MDxx bus currently and then drives 
the data onto the host data bus. 
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The BIOS reads the latched data to determine the type of DRAM present. If the DRAM was FPM type, the 
negation of the CASx# should have tri-stated the DRAM buffers and, due to the internal pulldowns on the 
MDxx lines, the data read by the BIOS would be all zeros. If the DRAM was EDO type, the negation of the 
CASx# would have kept the DRAM buffers active and the BIOS would have read the written pattern, since 
the data is still driven. Any subsequent DRAM read request will start this sequence again, so all writes must 
be done before any reads. All writes to the DRAM are treated normally, even if the auto-detection mode is 
enabled. 


Once the type of DRAM has been detected, this information must then be programmed into the DRAM Row 
Type register. The TXC uses the DRAM Row Type information in conjunction with the DRAM timings set in 
the DRAM Timing register to configure DRAM accesses optimally. 


4.4.4. 
DRAM PERFORMANCE 


The DRAM performance is controlled by the DRAM timing, processor pipelining, and by the type of DRAM 
used (EDO or standard page mode). 


Tables 12 and 13 depict DRAM mode optimum timings for a 64-bit wide double-sided row of EDO SIMMs 
(Le., two RAS# lines), without parity and ECC enabled. Expected performance differs depending on DRAM 
type (EDO vs. FPM), parity or ECC enabled/disabled, DRAM access time, and bus frequency. 


Read Cycles 


DRAM read performance is measured in two parts. The first part (Ieadoff) consists of data read from DRAM 
and is affected by the DRAM technology's page-dependent access time, level of pipelining, and the TXC's 
ability in identifying cache hits or misses. The second part (burst) is determined by the DRAM technology's 
ability to put out data bursts. 


Write Cycles 


DRAM write'performance is measured in two parts. The first part is when data is posted into the TXC, and 
thus, has a leadoff dependent on the availability of the DRAM write posting buffers space. The second part is 
the latency to write the data from the TXC to memory. 


,I 
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Table 13. CPU to DRAM Read Performance Summary (Notes 2 and 5, Table 13) 


DRAM Speed 
DRAM Type 
Performance (in host clocks) 


50/60 MHz 
66 MHz 


Read (Burst Rate) 
I 


50 ns 
EDO 
x-222 
~. 
x-222 


FPM 
x-333 
x-333 


60 ns 
EDO 
x-222 
x-222 


FPM 
x-333 
x-333 


70 ns 
EDO 
x-333 
x-333 


FPM (lightly loaded) 
x-333 
I 
x-444 


Read Page HitlPage Mlss/Row Miss Leadoff Rate 


Page Hit 


60 ns 
EDO/FPM 
4 
J 
5 


Row Miss (Note 1) 


60 ns 
EDO/FPM 
7 
8 


Page Miss 
j 


60 ns 
EDO/FPM 
10 
I 
11 


Back-to-Back 
Burst Reads Page Hit 
- 


60 ns 
EDO 
4-2223222 
5-2223222 


60 ns 
FPM 
4-3333333 
.t 
5-3333333 


r 
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Table 14. CPU to DRAM Write Performance Summary (Note 5) 


DRAM Speed 
DRAM Type 
Performance (in host clocks) 


50/60 MHz 
.66 MHz 


Posted Single Write (Note 3,4) 


60 ns 
EDO/FPM 
3-3-3 


Posted Burst Write (Note 3,4) 


60 ns 
EDO/FPM 
3-111 


Single Retire Hit 


60 ns 
FPM 
2 
3 


EDO 
2 
2 


Single Retire Row Miss (Note 6) 


60 ns 
FPM 
4 
5 


EDO 
4 
L 
4 


Single Retire Page Miss (Note 6) 


60 ns 
FPM 
7 
8 


EDO 
7 
7 


Retire Burst 


60 ns 
FPM 
- 222 
-333 
.. 


EDO 
-222 
-222 


NOTES: 


1. 
The above 
row miss cycles assume 
that the new page is closed from the prior cycle. 
Due to the MA[11 :2] to RAS# setup 
requirements, 
if the page is open, 2 clocks are added to the leadoff. 


2. 
50/60 MHz allows both Speculative 
Leadoff 
and Turbo 
Read Leadoff to be enabled, 
whereas 
66 MHz only allows 
Speculative 
Leadoff 
to be enabled. 


3. 
This cycle timing assumes 
the write buffer is empty. 


4. 
Timings 
are the same for cached 
or cacheless 
systems. 


5. 
Timings 
with ECC enabled 
(EDE=1) 
are adjusted 
by +1 HCLK for allleadoff 
latencies. 
Read Turbo 
Leadoff 
enabled 
is 
illegal if ECC is enabled 
or L2 is enabled. 
Reads don't pass writes except for dirty replacements. 


6. 
Assumes 
fast .RAS to CAS timings. 


4.4.5. 
DRAM REFRESH 


The TXC supports only CAS-before-RAS# (CBR) refresh. The refresh rate is controlled via the DRAM 
Refresh Rate field in the DRAM Control register. Refresh is only performed on rows that are populated (i.e., 
"smart refresh"). The controller determines which rows are populated by looking at the DRB registers. 


BIOS should turn off refresh during the DRAM sizing. A delay of at least 60 microseconds should also be 
added once refresh is turned off and before the first write occurs. 
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4.4.6. 
SYSTEM MANAGEMENT RAM 


SMRAM is placed at AOOOO-BFFFFhvia the SMRAM Space register. 


4.4.7. 
DATA INTEGRITY SUPPORT 


ECC or parity can be checked on the DRAM interface. The default status is parity selected. The DRAM must 
be populated with 72-bit wide memory to implement ECC or parity. 


4.4.7.1. 
Parity 


When parity is enabled, the DRAM parity protection is a-bit based even parity. If the DRAM array is populated 
with 54-bit memory (vs 72-bit) the parity logic still logs parity errors in the ERRSTS register. For such DRAM 
configurations, bit 1 of the ERRCMD register must be 0 (default) to prevent these errors from being signaled 
via the SERR# mechanism. 


BIOS must be aware of the implication of the optional parity support. All physically present DRAM must be 
first written before SERR#-based NMI generation in the PIIX3 is enabled. 


Detection of 64- versus 72-bit Wide SIMMs. The TXC only supports parity or ECC properly if all DRAMs 
are 72-bit wide. A system with a mixture of 64- and 72-bit wide memory should disable parity and ECC. BIOS 
can detect the 64-bit wide DRAMs (so that it can disable SERR# on parity error) by writing data that forces 
the parity bits to be all 1's for address A, and then writing data that forces the parity bits to be all O's in 
another location, address B. Now, if address A is read, no parity error will result only if there's a 72-bit wide 
DRAM present, whereas parity errors would get flagged in the ERRSTS register for a 64-bit wide DRAM. To 
guard against the chance that somehow the parity pins are being pulled high inadvertently, the test should be 
redone, this time writing data that forces the parity bits to be all O'sfor address A, and all 1's for address B. 


4.4.7.2. 
Error Detection and correction 


ECC is an optional data infegrity feature provided by the TXC. The feature provides single-error correction, 
double-error detection, and detection of all errors confined to a single nibble (SEC-DED-S4ED) for the DRAM 
memory subsystem. Additional features are provided that enable software-based system management 
capabilities. 


In systems that support ECC, the read burst timings in the DRAMT register must be programmed to x-3-3-3 
(or x-4-4-4). For ECC systems, the 32 clock retry feature should be disabled. The feature can be disabled by 
setting bit 2 at register offset 4FH to 1. 


ECC Generation. When enabled, the TXC generates an a-bit protection code for 54-bit data during DRAM 
write operations. If the original write is less than 64-bits, a read-modify-write operation is performed. 


ECC Checking and Correction. 
When enabled, the TXC detects all single and dual-bit errors, and corrects 


all single-bit errors during DRAM reads. The corrected data is transferred to the requester (CPU or PCI). 


ote that the corrected data is not written back to DRAM. 


Error Reporting. When ECC is enabled and ERRCMD is used to set SERR# functionality, ECC errors are 
signaled to the system via the SERR# pin. The TXC can be programmed to signal SERR# on uncorrectable 
errors, correctable errors, or both. The type of error condition is latched until cleared by software (regardless 
of SERR# signaiing). 


When a single or multi-bit error is detected, the offending DRAM row ID is latched in the ERRSTS register in 
.he TXC. The latched value is held until software explicitly clears the error status flag. 
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Software Requirements 


Initialization. 
If the ECC feature or parity is enabled, BIOS must take care to properly initialize the memory 
before enabling the checking..Software should first ensure PCICMD[SERRE) =0, then enable ECC or parity 
via ERRCMD. Next, the entire DRAM array should be written to ensure valid syndrome/parity bits. Finally, the 
desired ECC/parity error reporting should be enabled via the ERRCMD and PCICMD registers. 


Parity Error Handling. Parity error handling should be via the system's normal NMI routines. 


ECC Support Levels. The TXC allows for various levels of ECC support, depending on the specific platform 
requirements. The software architecture requirements vary based on the level of support implemented. The 
levels and basic software implications are summarized in the Table 15. 


Table 15. ECC Software Levels 


Level 
Features 
Software Requirements 


1 
Error Checking/Correction 
Configuration BIOS 


2 
Error Checking/Correction 
Configuration BIOS 
Error Scrubbing 
SMI Scrubbing Routine 


3 
Error Checking/Correction 
Configuration BIOS 
Error Scrubbing 
SMI Scrubbing Routine 
System Management (e.g. error logging, 
OS-dependent System management 
error isolation, memory remapping, etc.) 
handler/applet 


Level 1 


Level 1 defines a minimal support level for ECC handling that would use the system's standard NMI 
routine. The configuration BIOS enables SERR# generation only for uncorrectable errors, and disables 
SERR# generation for correctable errors. The NMI routine will interpret the uncorrectable error event as a 
parity error, and typically reboot the system. The SERR#-duration should be initialized to generate a 
pulsed SERR# event (ERRCMD[SED) = 0). 


Level 2 


Level 2 adds support for error scrubbing of correctable errors using operating system (OS) independent 
mechanisms. SMI is the preferred mechanism to implement OS-independence. In this case, the SMI 
handler would be invoked for both correctable and uncorrectable errors. The SERR# output will not be 
connected to the PCI bus, but will instead connect to external logic that differentiates between SMI and 
NMI requests. The SERR#-output type should be configured as a normal output (PCON[SOT)=1), and the 
duration should be initialized to the level mode (ERRCMD[SED) = 1). 


For correctable errors, the handler first clears the error flags and then starts a scrub process. The time 
spent in an SMI routine should be minimized, since interrupts are disabled and OS services (e.g. real 
time clocks) could be adversely affected. To minimize time spent during the SMI handler, the scrub 
process should be distributed into small time slices. The handler can setup future SMI events to re-occur 
based on a hardware timer (e.g. the "Fast Off" green timer in Intel PClset standard expansion bridges 
[PIIX3]) until the memory scrub has completed. 
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The following example estimates the worst-case scrub duration for a single correctable error. 


Example Assumptions: 


• 
128 Mbytes/Row (64 Mbit technology) =4M lines at 32 bytes/line 


• 
Scrub operation memory bound by linefill + write-back (with medium DRAM timings) = 30 clks/line 


I 


• 
SMI scrub time slice budget = 1 msec/SMI 


• 
Fast-off SMI interrupt interval = 100 msec/interrupt 


With the above assumptions The scrub time is: 


• 
the time to scrub one row is 4M lines/row X 30 elks/line X 15 ns/clk = 1.8 msec/row. 


• 
Thus, spreading the scrub time requires: (1.8 sec/row)/(1 msec /SMI) = 1800 SMI events. 


• 
The total duration for th.escrub SMI events will be 1800 SMI events" 100 msec/interrupt = 180 sec. 


For uncorrectable errors, the SMI handler should pass the error to the system's normal NMI handler, 
making it appear as a standard parity error to the software. 
To pass the NMI event, the SMI routine 
should first clear out the ECC error flags (MEF, SEF). 
The handler should then generate a pulsed 
SERR# event by writing a 1 to the MEF flag. This generates a 1 PCLK SERR# assertion, which will be 
converted into an NMI interrupt by the expansion bridge. 


LElvel3 


Level 3 adds more sophisticated system management functions beyond simple error scrubbing. Typical 
functions could include error event logging, error isolation, memory remapping, system diagnostics and 
user interface application. Software to implement Level 3 functions are OS-dependent, and beyond the 
scope of this document. However, the features used to implement level 
2 functions can also be 
leveraged in Level 3 systems. 


4.5. 
PCI Bus Arbitration 


The TXC's PCI Bus arbiter allows PCI peer-to-peer traffic concurrent with CPU main memory/second level 
cache cycles. The arbiter supports five PCI masters (Figure 7). REQ[3:0]#/GNT[3:0]# are used by PCI 
masters 
other 
than 
the 
PCI-to-ISA 
expansion 
bridge 
(PIIX3). 
PHLD#/PHLDA# 
are 
the 
arbitration 
request/grant signals for the PIIX3 and provide guaranteed access time capability for ISA masters. 
PHLD#/PHLDA# also optimize 
system performance based on 
PIIX3 known policies. The arbitration 
mechanism 
is enhanced with a Multi-Transaction Timer mechanism. This feature improves the PCI bandwidth 
allocation to short bursts, an important consideration for example, with typical video capture devices. 


Multi-Transaction 
Timer (MTT) 


The priority chain algorithm has been enhanced by the Multi-Transaction Timer (MTT), register 70h. The 
effect of the MTT is to guarantee a minimum time slice on PCI to an agent that keeps its request asserted. 
(Note that this mechanism differs from the MLT operation, that enforces a maximum time slice for an agent.) 
The MTT algorithm ensures a fairer bandwidth allocation for PCI devices that generate short burst traffic, or 
for multi-function devices with several bus master agents behind one physical PCI interface. 


Passive Release and Bus Lock 


To comply with PCI 2.1 latency requirements, the TXC supports passive release. The TXC only supports bus 
lock mode. The bus lock mode precludes 3rd party locks. 


Enabling Delayed Transactions 


To enable Delayed Transactions, Delayed Transactions (PIIX3 Function 0, 82h[0]), North Bridge Retry 
Enable (PIIX3 Function 0, 6Ah[7]), and TXC 4Fh[7]), bits should all be set to '1'. When enabling, PIIX3 bits 
should be set first and then the TXC 4Fh[7]. When disabling, the reverse order must be followed. 
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4.5.1. 
CPUPOLICIES 


The CPU never explicitly requests the bus. Instead, the arbiter grants the bus to the CPU when: 


• 
the CPU is the highest priority 


• 
PCI agents do not require main memory (peer-to-peer transfers or bus idle) and the PCI Bus is not 
currently locked by a PCI master 


When the CPU is granted as highest priority, the MLT timer is used to guarantee a minimum amount of 
system resources to the CPU before another requesting PCI agent is granted. An AHOLD mechanism 
controls granting the bus to the CPU. 


4.6. 
Clock Generationand Distribution 


The skew between any two HCLK loads must be less than or equal to 1 ns. The skew between HCLK at the 
pin of the TXC and the pin of the CPU must be less than or equal to 0.3 ns. The skew between any two PCLK 
loads must be less than or equal to 2 ns, the requirement of the PCI Rev 2.0 specification. For HCLK to 
PCLK ratios of 2-to-1, the rising edge of PCLKIN must be within 1 to 6.0 ns of the rising edge of HCLKIN, 
with HCLK leading PCLK. 


4.6.1. 
RESETSEQUENCING 


The TXC is asynchronously reset by the PCI reset RSn. 
The TXC will change MWE# to its default value 
(inactive) synchronous to HCLK after RST# is negated. 


Arbiter (Central Resource) Functions on Reset 


The TXC arbiter includes support for PCI central resource functions. 
These functions include driving the 
AD[31:0], C/BE[3:0]#, and PAR signals whenever no one is granted the PCI bus and the bus is idle. 
The 
TXC drives O'son these signals during these times, plus during RESET. 


• 
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5.0. 
PINOUT AND PACKAGE 
INFORMATION 


5.1. 
TXC Pinout Information 


'Figure 8 shows the pin assignments 
for the TXC. 
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Figure 8. TXC Plnout 
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Name 
8all# 
Type 


A3 
V11 
1/0 


A4 
Y11 
1/0 


AS 
U8 
1/0 


A6 
Y12 
1/0 


A7 
Y8 
1/0 


A8 
V8 
1/0 


A9 
V7 
"1/0 


A10 
Y7 
1/0 


A11 
W7 
1/0 


A12 
U7 
1/0 


A13 
Y6 
1/0 


A14 
V6 
1/0 


A1S 
W6 
110 


A16 
U6 
1/0 


A17 
YS 
1/0 


A18 
WS 
1/0 


A19 
VS 
1/0 


A20 
US 
1/0 


A21 
V9 
1/0 


A22 
U10 
1/0 


A23 
U9 
1/0 


A24 
W10 
1/0 


A2S 
W9 
1/0 


A26 
V10 
1/0 


A27 
Y9 
1/0 


A28 
Y10 
1/0 


A29 
U11 
1/0 


A30 
W11 
110 


A31 
W8 
1/0 


ADO 
A1S 
1/0 


Table 16. TXC Alphabetical Pin Assignment 


Name 
8all# 
Type 


AD1 
A14 
1/0 


AD2 
B13 
110 


AD3 
A13 
110 


AD4 
C12 
110 


ADS 
B12 
1/0 


AD6 
A12 
1/0 


AD7 
C11 
1/0 


AD8 
A11 
1/0 


AD9 
C10 
1/0 


AD10 
B10 
1/0 


AD11 
A10 
1/0 


AD12 
C9 
1/0 


AD13 
B9 
1/0 


AD14 
A9 
1/0 


AD1S 
C8 
1/0 


AD16 
C7 
110 


AD17 
87 
1/0 


AD18 
A7 
1/0 


AD19 
C6 
1/0 


AD20 
B6 
1/0 


AD21 
A6 
110 


AD22 
CS 
1/0 


AD23 
BS 
1/0 


AD24 
06 
1/0 


AD2S 
C4 
1/0 


AD26 
B4 
1/0 


AD27 
A4 
1/0 


AD28 
B3 
1/0 


AD29 
A3 
1/0 


AD30 
B2 
1/0 


Name 
8all# 
Type 


AD31 
A2 
110 


ADS# 
TS 
I 


AHOLD 
LS 
0 


BEO# 
K2 
I 


BE1# 
K3 
I 


BE2# 
K4 
I 


BE3# 
L1 
I 


BE4# 
L2 
I 


BES# 
L3 
I 


BE6# 
L4 
I 


BE7# 
M1 
I 


BOFF# 
PS 
0 


BRDY# 
MS 
0 


BWE# 
Y17 
0 


C/BEO# 
B11 
1/0 


C/BE1# 
B8 
1/0 


C/BE2# 
A8 
110 


C/BE3# 
AS 
1/0 


CACHE# 
JS 
0 


CADS# 
W1S 
0 


CADV# 
V1S 
0 


CASO# 
J17 
0 


CAS1# 
K17 
0 


CAS2# 
H17 
0 


CAS3# 
L17 
0 


CAS4# 
H16 
0 


CASS# 
J16 
0 


CAS6# 
G16 
0 


CAS7# 
L16 
0 


CCS# 
W16 
0 
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Name 
8all# 
Type 


COE# 
U15 
0 


D/C# 
T7 
I 


DEVSEL# 
E9 
I/O 


EADS# 
R5 
0 


FRAME# 
E6 
I/O 


GNTO# 
D8 
I 


GNT1# 
D10 
I 


GNT2# 
D12 
I 


GNT3# 
D14 
I 


GWE# 
Y16 
0 


HCLKIN 
K 
I 


HDO 
Y1 
I/O 


HD1 
Y3 
I/O 


HD2 
Y2 
I/O 


HD3 
Y4 
I/O 


HD4 
W1 
I/O 


HD5 
W2 
I/O 


HD6 
V1 
I/O 


HD7 
R1 
I/O 


HD8 
U1 
I/O 


HD9 
W3 
I/O 


HD10 
V3 
I/O 


HD11 
W4 
I/O 


HD12 
T1 
I/O 


HD13 
V4 
I/O 


HD14 
U3 
I/O 


HD15 
V2 
I/O 


HD16 
U4 
I/O 


HD17 
T3 
I/O 


HD18 
U2 
I/O 


HD19 
R3 
I/O 
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Name 
8all# 
Type 


HD20 
T4 
I/O 


HD21 
R2 
I/O 


HD22 
T2 
I/O 


HD23 
P1 
I/O 


HD24 
R4 
I/O 


HD25 
P3 
I/O 


HD26 
P2 
I/O 


HD27 
N1 
I/O 


HD28 
P4 
I/O 


HD29 
N3 
I/O 


HD30 
N2 
I/O 


HD31 
N4 
I/O 


HD32 
M3 
I/O 


HD33 
M2 
I/O 


HD34 
K1 
I/O 


HD35 
M4 
I/O 


HD36 
J2 
I/O 


HD37 
J1 
I/O 


HD38 
J4 
I/O 


HD39 
H1 
I/O 


HD40 
H2 
I/O 


HD41 
G2 
I/O 


HD42 
J3 
I/O 


HD43 
G4 
I/O 


HD44 
H4 
I/O 


HD45 
G1 
I/O 


HD46 
H3 
I/O 


HD47 
F2 
I/O 


HD48 
F1 
I/O 


HD49 
G3 
I/O 


HD50 
F4 
I/O 


82439HX 
(TXC) 


Name 
8all# 
Type 


HD51 
F3 
I/O 


HD52 
E1 
I/O 


HD53 
E4 
I/O 


HD54 
E2 
I/O 


HD55 
D1 
I/O 


HD56 
E3 
I/O 


HD57 
D3 
I/O 


HD_58 
D2 
I/O 


HD59 
C1 
I/O 


HD60 
C2 
I/O 


HD61 
C3 
I/O 


HD62 
81 
I/O 


HD63 
A1 
I/O 


HITM# 
T8 
I 


HLOCK# 
G5 
I 


IRDY# 
E7 
I/O 


KEN#/iNV 
K5 
0 


LOCK# 
E5 
I/O 


MIIO# 
H5 
I 


MA2 
Y13 
0 


MA3 
W13 
0 


MA4 
V13 
0 


MA5 
U13 
0 


MA6 
T13 
0 


MA7 
W14 
0 


MA8 
U14 
0 


MA9 
Y15 
0 


MA10 
Y14 
0 


MA11 
V14 
0 


MAAO 
V12 
0 


MAA1 
T12 
0 


6-215 


82439HX 
(TXC) - 


Name 
Ball# 
Type 


MA80 
W12 
0 


MA81 
U12 
0 


MOOO 
W20 
1/0 


M001 
T17 
1/0 


M002 
T19 
1/0 


M003 
R20 
1/0 


M004 
P19 
1/0 


M005 
N18 
1/0 


M006 
L20 
1/0 


M007 
K19 
1/0 


M008 
F18 
1/0 


M009 
020 
1/0 


M010 
C19 
1/0 


M011 
C18 
1/0 


M012 
818 
1/0 


M013 
816 
1/0 


M014 
815 
1/0 


M015 
C13 
1/0 


M016 
U18 
1/0 


M017 
U20 
1/0 


M018 
R18 
1/0 


M019 
P17 
1/0 


M020 
N20 
1/0 


M021 
M19 
110 


M022 
L18 
1/0 


M023 
J 20 
1/0 


M024 
E19 
1/0 


M025 
E17 
1/0 


M026 
018 
1/0 


M027 
A19 
1/0 


M028 
C17 
1/0 
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Name 
Ball # 
Type 


M029 
A17 
1/0 


M030 
016 
1/0 


M031 
814 
1/0 


M032 
V19 
1/0 


M033 
U19 
1/0 


M034 
T20 
1/0 


M035 
R17 
1/0 


M036 
P18 
1/0 


M037 
M20 
1/0 


M038 
L19 
1/0 


M039 
K18 
110 


M040 
F19 
1/0 


M041 
E18 
1/0 


M042 
C20 
1/0 


M 043 
A20 
1/0 


M044 
017 
1/0 


M045 
C16 
110 


M046 
015 
1/0 


M047 
C14 
1/0 


M048 
V20 
1/0 


M049 
T18 
1/0 


MD50 
R19 
1/0 


M051 
P20 
1/0 


M052 
N19 
1/0 


M053 
M18 
1/0 


M054 
K20 
1/0 


M055 
J19 
110 


M056 
E20 
1/0 


M057 
019 
1/0 


M058 
820 
110 


M059 
819 
1/0 


Name 
Ball# 
Type 


M060 
A18 
1/0 


M061 
817 
1/0 


M062 
A16 
1/0 


M063 
C15 
1/0 


MPOO 
H19 
1/0 


MP01 
G19 
1/0 


MP02 
J18 
1/0 


MP03 
F20 
1/0 


MP04 
H18 
1/0 


MP05 
G20 
1/0 


MP06 
H2O 
1/0 


MP07 
G18 
1/0 


MWE# 
T11 
0 


NA# 
N5 
0 


PAR 
E12 
1/0 


PCLKIN 
E10 
I 


PHLO# 
04 
I 


PHLOA# 
05 
0 


RASO# 
G17 
0 


RAS1# 
F17 
0 


RAS2# 
F16 
0 


RAS3# 
E16 
0 


RAS4# 
M17 
0 


RAS5# 
N17 
0 


RAS6# 
M16 
0 


RAS7# 
N16 
0 


REQO# 
07 
0 


REQ1# 
09 
0 


REQ2# 
011 
0 


REQ3# 
013 
0 


RSH 
T15 
I 
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Name 
8all# 
Type 


SERR# 
E13 
0 


SMIACT# 
T10 
I 


STOP# 
E11 
1/0 


TEST# 
W17 
I 


TIOO 
P16 
1/0 


TI01 
U16 
1/0 


TI02 
U17 
1/0 


TI03 
V17 
1/0 


TI04 
T14 
1/0 


TI05 
V18 
I/O 


TI06 
W18 
1/0 


TI07 
Y18 
1/0 


TI08 
W19 
1/0 


TI09 
Y 
1/0 


TI010 
Y20 
1/0 


TRDY# 
E8 
1/0 
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Name 
8all# 
Type 


TWE# 
V16 
0 


VCC3 
R16 
- 


VCC3 
F5 
- 


VCC3 
F6 
- 


VCC3 
G6 
- 


VCC3 
R6 
- 


VCC3 
R7 
- 


VCC3 
F14 
- 


VCC3 
F15 
- 


VCC3 
P15 
- 


VCC3 
R15 
- 


VDD5 
E14 
- 


VSS 
T6 
- 


VSS 
J9 
- 


VSS 
K9 
- 


VSS 
L9 
- 


82439HX 
(TXC) 


Name 
8all# 
Type 


VSS 
M9 
- 


VSS 
J 10 
- 


VSS 
K10 
- 


VSS 
L10 
- 


VSS 
M10 
- 


VSS 
J 11 
- 


VSS 
K11 
- 


VSS 
L11 
- 


VSS 
M11 
- 


VSS 
J12 
- 


VSS 
K12 
- 


VSS 
L12 
- 


VSS 
M12 
- 


VSS 
E15 
- 


VSS 
T16 
- 


W/R# 
T9 
I 
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Figure 9. TXC 324 pin ball grid array (BGA). 
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0 
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0 0 0 0 0 0 
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Figure 10. TXC 324 pin ball grid ~rray (BGA) Ball Pattern 
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82439HX 
(TXC) 


Table 17. TXC 324 pin ball grid array (BGA). 


SYMBOL 
e=1.27 (solder ball pitch) 
NOTE 


MIN. 
NOM. 
MAX. 
1 


A 
1.90(2.06) 
2.09(2.29) 
2.30(2.52) 


A1 
0.50 
0.60 
0.70 


A2 
1.12 
1.17 
1.22 


D 
26.80 
27.00 
27.20 


D1 
24.00 
24.70 


E 
26.80 
27.00 
27.20 


E1 
24.00 
24.70 
I 


I 
1.44 REF. 


J 
1.44 REF. 


M 
20 (DEPOPULATED) 
2 


N 
324 
3 


b 
0.60 
0.76 
0.90 


c 
0.28(0.44) 
0.32(0.52) 
0.38(0.60) 


f 
8.05 REF. 


REMARK 
2 LAYER (4 LAYER) 


NOTES: 


1. 
All dimensions 
are in millimeters. 


2. 
'M' represents 
the maximum 
solder 
ball matrix size. 


3. 
'N' Represents 
the maximum 
allowable 
number 
of solder balls. 
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6.0. 
TESTABILITY 


6.1. 
NANDTree Mode 


A NAND tree mode is provided 
for Automated Test Equipment (ATE) board level testing. The NAND tree 
allows the tester to set the connectivity of each of the TXC's signal pins. The NAND tree mode is activated by 
driving the test-pin TESn 
when REQ[3:0]# pins are 0010. If TEST is negated at any time, the test-mode is 


de-activated and the TXC goes back to normal operation. There is no guarantee that upon re-entering normal 
operation the chip will function properly if the test-mode was entered while the TXC was not in a completely 
idle state. 


In NAND tree mode, all outputs are Tri-stated except GNT[3:0]# and PHLDA#. These pins are the NAND- 
chain and test mode outputs. The chain is separated into 4 77-pin chains. 


6.1.1. 
OVERVIEW 


The TXC has 2 full-chip test-modes to improve board manufacture. If the TEST# is asserted (driven low), the 
value on REQ#[3:0] indicates the test-mode to enable. The test-mode enabled at the rising edge of TEST# 
will remain enabled while TEST# is high (Figure 11). 
A new test-mode can be enabled by again driving 
TESn 
low and selecting a new combination on PHLD# and REQ#[3:0]. Any active test-mode is disabled by 


asserting RSn 
with TEST# is de-asserted or selecting the DISABLE mode with TEST# low (see table 


below). Asserting RST# while TEST# is asserted has no effect on the test-mode. In addition, all outputs are 
floated while Rsn 
and TESn 
are both asserted. 


RST 


# 
<, 


]# 
A 
B 
A 
B )G txB 


# 
DC 
~ 
x::::DC ----- 
0] 
M B 
DISA 3LED 
~ 
B 


s 
" 


TEST 


REQ[3:0 


tmode[3: 


output 


Figure 11. Full-Chip Test Mode Timing 
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6.1.2. 
NAND CHAIN 
MODE 


All outputs are tri-stated, except GNT[3:0]#. All pins on the TXC are either pure inputs are bi-directional. 
Because the bi-directional pins are tri-stated during nand-chain test there is no need to back-drive outputs. 
However, all internal pull-ups or pull-downs are still active. The GNT[3:0]# pins drive the output of the NAND 
Chains. The only pins not included on the NAND-Chain are RST#, TESn 
and GNT[3:0]#. The RST# pin is 
NOT required for enabling NAND-Chain mode. This is important to board-level test as assertion of reset on a 
system board can force other components into an undesirable state. All pins must be driven using a 
maximum of 3.3V. 


The following I/O pins are not included on any of these NAND-chains: 


Excluded 
Pins: 
GNT[3:0]# 
TEST# 
Rsn 


The remaining 288 pins are split into 4 chains of 72 pins each. These chains are not chained together in any 
way. The following tables show the pin ordering for each NAND-chain and the GNT# pin it is driven out on. 
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Pin 
Chain 
Name 
Element 


A25 
/ 
CHO_OO 


A7 
CHO_01 


A10 
CHO_02 


A21 
CHO_03 


A23 
CHO_04 


SMIACTB 
CHO_05 


A31 
CHO_06 


A18 
CHO_07 


HD3 
CHO_08 


A12 
CHO_09 


A14 
CHO_10 


HD11 
CHO_11 


A19 
CHO_12 


A16 
CHO_13 


HITMB 
CHO_14 


HD13 
CHO_15 


D_CB 
CHO_16 


HDO 
CHO_17 


HD10 
CHO_18 


HD16 
CHO_19 


HD6 
CHO_20 


HD14 
CHO_21 


BOFFB 
CHO_22 


HD18 
CHO_23 


HD24 
CHO_24 
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Chain 0 (GNTO#) 


Pin 
Chain 
Name 
Element 


HD8 
CHO_25 


HD19 
CHO_26 


HD7 
CHO_27 


HD31 
CHO_28 


HD26 
CHO_29 


HD27 
CHO_30 


HD33 
CHO_31 


AHOLD 
CHO_32 


BE5B 
CHO_33 


BE6B 
CH 0_34 


HD34 
CHO_35 


BE2B 
CHO_36 


BEOB 
CHO_37 


HD37 
CHO_38 


BE1B 
CHO_39 


HD36 
CHO_40 


HD41 
CHO_41 


HD52 
CHO_42 


CACHEB 
CHO_43 


HD47 
CHO_44 


HD44 
CHO_45 


HD49 
CHO_46 


HD54 
CHO_47 


HD55 
CHO_48 


HD57 
CHO_49 


82439HX 
(TXC) 


Pin 
Chain 
Name 
Element 


HLOCKB 
CHO-_50 


HD53 
CHO_51 


HD60 
CHO_52 


HD62 
CHO_53 


HD61 
CHO_54 


AD30 
CHO_55 


AD25 
CHO_56 


AD22 
CHO_57 


AD24 
CHO_58 


AD27 
CHO_59 


AD19 
CHO_60 


C_BE3B 
CHO_61 


REQOB 
CHO_62 


AD20 
CHO_63 


AD21 
CH 0_64 


TRDYB 
CHO_65 


AD16 
CHO_66 


C_BE2B 
CHO_67 


C_BE1B 
CHO_68 


AD14 
CHO_69 


AD12 
CHO_70 


AD13 
CHO_71 
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82439HX 
(TXC) 


Pin 
Chain 
Name 
Element 


A24 
CH1_00 


A27 
CH1_01 


A26 
CH1_02 


A13 
CH1_03 


A8 
CH1_04 


W_RB 
CH1_05 


A11 
CH1_06 


A17 
CH 1,--07 


A15 
CH1_08 


A5 
CH1_09 


A9 
CH1_10 


HD1 
CH1_11 


HD9 
CH1_12 


A20 
CH1_13 


HD2 
CH1_14 


HD5 
CH1_15 


HD4 
CH1_16 


ADSB 
CH1_17 


HD15 
CH1_18 


EADSB 
CH1_19 


HD20 
CH1_20 


HD17 
CH1_21 


HD22 
CH1_22 


HD12 
CH1_23 


HD28 
CH1_24 
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Table 20. Chain 1 (GNT1#) 


Pin 
Chain 
Name 
Element 


HD21 
CH1_25 


NAB 
CH1_26 


HD25 
CH1_27 


BRDYB 
CH1_28 


HD23 
CH1_29 


HD35 
CH1_30 


HD29 
CH1_31 


HD30 
CH1_32 


BE7B 
CH1_33 


HD32 
CH1_34 


BE3B 
CH1_35 


BE4B 
CH1_36 


HD39 
CH1_37 


HD45 
CH1_38 


HD42 
CH1_39 


HD38 
CH1_40 


HD40 
CH1_41 


HD48 
CH1_42 


KENB 
CH1_43 


HD46 
CH1_44 


HD43 
CH1_45 


HD51 
CH1_46 


HD58 
CH1_47 


HD56 
CH1_48 


HD50 
CH1_49 


Pin 
Chain 


Name 
Element 


M_lOB 
CH1_50 


HD59 
CH1_51 


HD63 
CH1_52 


PHLDB 
CH1_53. 


AD31 
CH1_54 


PLOCKB 
CH1_55 


AD28 
CH1_56 


FRAMEB 
CH1_57 


AD29 
CH1_58 


PHLDAB 
CH1_59 


IRDYB 
CH1_60 


AD26 
CH1_61 


AD23 
CH1_62 


AD17 
CH1_63 


DEVSELB 
CH1_64 


AD18 
CH1_65 


REQ1B 
CH1_66 


AD15 
CH1_67 


PCLKIN 
CH1_68 


AD11 
CH1_69 


AD10 
CH1JO 


AD9 
CH1_71 
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Pin 
Chain 
Name 
Element 


A28 
CH2_00 


A29 
CH2_01 


A3 
CH2_02 


A30 
CH2_03 


A4 
CH2_04 


MWE8 
CH2_05 


MA10 
CH2_06 


MAA1 
CH2_07 


MA7 
CH2_08 


MA5 
CH2_09 


MA11 
CH2_10 


MA6 
CH2_11 


MA9 
CH2_12 


8WE8 
CH2_13 


COE8 
CH2_14 


CCS8 
CH2_15 


MOO 
CH2_16 


MD1 
CH2_H 


MD16 
CH2_18 


MD32 
CH2_19 


MD48 
CH2_20 


MD49 
CH2_21 


MD18 
CH2_22 


MD19 
CH2_23 


MOH 
CH2_24 
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Table 21. Chain 2 (GNT2#) 


Pin 
Chain 
Name 
Element 


MD2 
- CH2_25 


MD50 
CH2_26 


M034 
CH2_27 


RAS68 
CH2_28 


MD5 
CH2_29 


CAS78 
CH2_30 


RAS48 
CH2_31 


MD53 
CH2_32 


MD22 
CH2_33 


MD6 
CH2_34 


MD39 
CH2_35 


MD7 
CH2_36 


MD54 
CH2_37 
, 


HCLKIN 
CH2_38 


MD55 
CH2_39 


MPD2 
CH2_40 


CAS58 
CH2_41 


MPD1 
CH2_42 


CAS28 
CH2_43 


MPD7 
CH2_44 


CAS48 
CH2_45 


MPD3 
CH2_46 


MD40 
CH2_47 


RAS08 
CH2_48 


MD26 
CH2_49 


82439HX 
(TXC) 


Pin 
Chain 
Name 
Element 


MD25 
CH2_50 


MD42 
CH2_51 


RAS28 
CH2_52 


MD59 
CH2_53 


MD11 
CH2_54 


MD43 
CH2_55 


MD27 
CH2_56 


MD30 
CH2_57 


MD28 
CH2_58 


MD12 
CH2_59 


MD60 
CH2_60 


AD2 
CH2_61 


STOP8 
CH2_62 


AD4 
CH2_63 


ADO 
CH2_64 


AD3 
CH2_65 


AD5 
CH2_66 


AD7 
CH2_67 


AD6 
CH2_68 


C_8E08 
CH2_69 


REQ28 
CH230 


AD8 
CH2_71 
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Pin 
Chain 
Name 
Element 


A22 
CH3_00 


MABO 
CH3_01 


MAAO 
CH3_02 


A6 
CH3_03 


MA3 
CH3_04 


MA2 
CH3_05 


MA4 
CH3_06 


MAB1 
CH3_07 


CADSB 
CH3_08 


MA8 
CH3_09 


GWEB 
CH3_10 


CADVB 
CH3_11 


TWEB 
CH3_12 


TI04 
CH3_13 


TI03 
CH3_14 


TI01 
CH3_15 


TI07 
CH3_16 


TI06 
CH3_17 


TI09 
CH3_18 


TI02 
CH3_19 


TI08 
CH3_20 


TI05 
CH3_21 


TI010 
CH3_22 


TIOO 
CH3_23 


RAS7B 
CH3_24 


Table 22. Chain 3 (GNT3#) 


Pin 
Chain 
Name 
Element 


MD35 
CH3_25 


MD33 
CH3_26 


MD36 
CH3_27 


RAS5B 
CH3_28 


MD4 
CH3_29 


MD3 
CH3_30 


MD52 
CH3_31 


MD51 
CH3_32 


MD20 
CH3_33 


MD21 
CH3_34 


MD37 
CH3_35 


MD38 
CH3_36 


CAS3B 
CH3_37 


CAS1B 
CH3_38 


MD23 
CH3_39 


MPDO 
CH3_40 


MPD6 
CH3_41 


MPD4 
CH3_42 


CASOB 
CH3_43 


MPD5 
CH3_44 


MD56 
CH 3..:45 


MD8 
CH3_46 


MD9 
CH3_47 


RAS1B 
CH3_48 


MD24 
CH3_49 


Pin 
Chain 
Name 
Element 


MD41 
CH3_50 


MD57 
CH3_51 


CAS6B 
CH3_52 


MD10 
CH3_53 


RAS3B 
CH3_54 


MD58 
CH3_55 


MD44 
CH3_56 


SERRB 
CH3_57 


MD46 
CH3_58 


MD45 
CH3_59 


MD61 
CH3_60 


MD31 
CH3_61 


MD29 
CH3_62 


MD13 
CH3_63 


MD15 
CH3_64 


REQ3B 
CH3_65 


MD63 
CH3_66 


MD62 
CH3_67 


MD47 
CH3_68 


PAR 
CH3_69 


MD14 
CH3_70 


AD1 
CH3_71 
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6.2. 
ID Code Test Mode 


To enable this mode TEST# and RST# must be asserted and REQ[3:0]# must be set to 1110. RST# is then 
negated after 2 HCLKs and TESn 
must then be negated after 2 more HCLKs and REQ[3:0]# changed to the 
value 1111. The value of PHLD# and RSn 
pin must also be 1. Once REQ[3:0]#, PHLD# and RSn 
are all 
driven high, the Device ID (DID) will be driven on AD[15:0], and the Revision ID (RID) will be driven on 
AD[23:16]. The value on AD[31:24] is indeterminate. The following timing diagram shows how the test-mode 
is enabled: 


REQ[3:0 


-" 


# 
- =x 
]# 
1 10 
X 
111 
- 
- " 
] 
II' VALI) 
X 
IOC(DOE 


TEST 


RST# 


AO[23:0 


Figure 12. Test Mode Enable 
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Intel 430HX PClset 
82439HX SYSTEM CONTROLLER 
(TXC) FEATURES 


• 
Supports the Pentium® Processor at 
66 MHz, 60 MHz, and 50 MHz at 3 V 


• 
Supports the Universal Serial Bus (USB) 


• 
Dual Processor Support 


• 
PCI 2.1 Compliant 


• 
Integrated Second Level Cache 
Controller 
- 
Direct Mapped Organization 
- 
Write-Back Cache Policy 
- 
Cacheless, 256 Kbytes, and 
512 Kbytes 
- 
Pipelined Burst SRAMs 
- 
Cache Hit ReadlWrite Cycle Timings 
at 3-1-1-1 
. 


- 
Back-to-Back Read Cycles 
at 3-1-1-1-1-1-1-1 
- 
Integrated TaglValid Status Bits for 
Cost Savings and Performance 
- 
Optional 512 MB DRAM Cacheability 
Limit 
- 
Supports 5 V SRAMs for Tag Address 
• 
Integrated DRAM Controller 
4 Mbytes to 512 Mbytes Memory 
64-Mbit DRAM Technology Support 
Asymmetric 
DRAM Support 
8 Qword Deep Merging DRAM Write 
Buffer 
Enhanced EDO/Hyper Page Mode 
DRAM Supports 4-2-2-2 Reads and 
x-2-2-2 Writes at 60 MHz, 5-2-2-2 
Reads and x-2-2-2 Writes at 66 MHz 
- 
8 RAS Lines Available 
- 
Integrated Programmable-Strength 
MA Buffers 
- 
CAS-Before-RAS Refresh 


• 
Optional Parity 
• 
Optional Error Checking and 
Correction (ECC) 
Superior DRAM Data Integrity 
Single-Bit Error Correction, Multi-Bit 
Error Detection plus Nibble Failure 
Detection ECC Code 
Single- and Multi-bit Error Reporting 
Virtual Swapable Bank Support (l.e., 
can swap out problem banks) 
Mer~ing Write Buffer Eliminates Most 
Partial Write Cycles 
• 
Fully Synchronous, 
Minimum Latency 
25/30/33 MHz PCI Bus Interface 
- 
Zero Wait State CPU-to-PCI Write 
Timings for Superior Graphics 
Performance 
- 
Enhanced CPU-to-PCI Read Latencies 
for Superior Graphics/PlO 
Performance 
21 DWORD PCI-DRAM Post Buffer 
- 
22 DWord PCI-to-DRAM Read 
Prefetch Buffer 
- 
Writeback Merging for PCI-to-DRAM 
Writes 
Write back Forwarding for PCI-to- I 
DRAM Reads 
Pipelined Snoop Ahead 
Multi-Transaction 
Timer to Support 
Multiple Short PCI Transactions 
Within the Same PCI Arbitration 
Cycle 


• 
Single 324-Pin BGA Package 


REFERENCE 
INFORMATION: 
The information 
in this document 
is provided 
as a supplement 
to the standard 


package 
datasheet 
published 
for the Intel 430HX 
PClset. 
Please 
refer to the standard 
package 
datasheet 


(order number 290551) 
for product 
information 
and specifications 
not found in this document. 


NOTICE: 
This document 
contains 
information 
on products 
in the sampling 
and initial 
production 
phases 
of 


development. 
The specifications 
are subject 
to change 
without 
notice. Verify with your local Intel Sales office 


that you have the latest datasheet 
before finalizing 
a design. 
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82439HX 
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'ele 


1.0 
Electrical Characteristics 


1.1 
Absolute Maximum Ratings 


Case Temperature 
under Bias 
9°C to +85:C 
Storage 
Temperature 
-55 C to +150 C 
Voltage 
on Any Pin with Respect to Ground 
-0.3 V to VDD + 0.3 V 
Maximum 
Power Dissipation 
1.26 W 


WARNING: 
Stressing 
the device 
beyond 
the "Absolute 
Maximum 
Ratings" 
may cause permanent 
damage. 
These are stress ratings only. Operating 
beyond 
the "Operating 
Conditions" 
is not recommended 
and extended 
exposure 
beyond 
"Operating 
Conditions" 
may affect reliability. 


1.2 
Thermal Characteristics 


The 82439HX 
is designed 
for operation 
at case temperatures 
between 
O°C and 85°C. The thermal 
resistances 
of the 82439HX 
BGA (Ball Grid Array) package 
are given in Table 1. 


Table 1. 82439HX 
System 
Controller 
(TXC) Package 
Thermal 
Resistance 


Parameter 
AirFlow 
Meters/Second 
(Linear 
Feet per Minute) 


0(0) 
1.0 (196.9) 


9ja (ClWatt) 
29.0 
24.5 


9jc (ClWatt) 
9.0 
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1.3 
D.C.Characteristics 


Table 2. 82439HX 
System 
Controller 
(TXC) D.C. Characteristics 
Functional 
Operating 
Range 
(VDD = 5V:t 
5%, VDD3 = 3.135 V to 3.6 V; TCASE = O°C to +85°C) 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes· 


VILl 
Input Low Voltage 
-0.3 
0.8 
V 
Notes 1,8; 


VDD3 = 3.135 V 


VIH1 
Input High Voltage 
2.0 
VDD3 + 0.3 
V 
Notes 1,9; 


VDD3 = 3.6V 


VIL2 
Input Low Voltage 
-0.3 
0.8 
V 
Note 2; VDD = 4.75V 


VIH2 
Input High Voltage 
2.0 
VDD + 0.3 
V 
Note 2; VDD = 5.25V 


VIL3 
Input Low Voltage 
-0.4 
0.8 
V 
Note 3; VDD3 = 3.135 


VIH3 
Input High Voltage 
2.8 
VDD3 + 0.3 
V 
Note 3; VDD3 = 3.6 


r 
VOLl 
Output 
Low Voltage 
0.4 
V 
Note 4 


VOH1 
Output 
High Voltage 
2.4 
V 
Note 4 


lOll 
Output 
Low Current 
4 
mA 
Note 5 


IOH1 
Output 
High Current 
-2 
mA 
Note 5 


IOL2 
Output 
Low Current 
8 
mA 
Note 6 


IOH2 
Output 
High Current 
-2 
mA 
Note 6 


IOL3 
Output 
Low Current 
12 
mA 
Note 7 


IOH3 
Output 
High Current 
-2 
mA 
Note 7 


IIH1 
Input Leakage 
Current 
10 
IlA 
o V<Vin<VDDNDD3 


CIN 
Input Capacitance 
10 
pF 
FC = 1 MHz 


COUT 
Output Capacitance 
10 
pF 
FC = 1 MHz 


CVO 
1/0 Capacitance 
10 
pF 
FC = 1 MHz 


Ice 
Vec Supply Current 
10 
mA 
5 V Supply 


350 
mA 
3 V Supply 


NOTES: 


1. 
V1Ll and V1H1 apply to the following 
3.3 V input signals: 
A[31 :3], BE[7:0]#, 
D/C#, W/R#, 
M/IO#, 
HLOCK#, 
AD$#, 
HITM#, 


CACHE#, 
SMIACT#, 
PHLD#, 
REQ[3:0]#, 
RST#, HCLKIN, 
PCLKIN 
as well the following 
signals 
when used as 3.3 V inputs 


during 
NAND tree testing: 
BRDY#, 
NA#, AHOLD, 
EADS#, 
BOFF#, 
KEN#/INV, 
CADV#, 
CADS#, 
CCS#, 
COE#, 
GWE#, 


BWE#, 
TWE#, 
MWE#, 
MA[ll 
:2], MAA[l 
:0], MAB[l 
:0] 


2. 
V1L2 and V1H2 apply to the following 
5.0 V tolerant 
input signals: 
TIO[10:0], 
AD[31:0], 
C/BE[3:0]#, 
PLOCK#, 
FRAME#, 


IRDY#, 
TRDY#, 
DEVSEL#, 
STOP#, 
PAR, SERR#, 
MD[63:0], 
MPD[7:0], 
HD[63:0] 


3. 
V1L3 and V1H3 apply to the following 
input signals: 
TESTIN#, 
RST# 


4. 
VOLl 
and VOH1 apply to the following 
signals: 
TIO[10:0], 
TWE#, 
CADV#, 
CADS#, 
CCS#, 
COE#, 
GWE#, 
BWE#, 
A[31 :3], 


HD[63:0], 
KEN#/INV, 
AHOLD, 
BRDY#, 
NA#, BOFF#, 
EADS#, 
MAA[l 
:0], MAB[l 
:0], MA[ll 
:2], MWE#, 
MD[63:0], 
MPD[7:0], 


CAS[7:0]#, 
RAS[7:0]#, 
GNT[3:0]#, 
PHLDA#, 
AD[31:0], 
C/BE[3:0]#, 
FRAME#, 
IRDY#, 
TRDY#, 
DEVSEL#, 
STOP#, 
PAR, 


SERR#, 
PLOCK# 


5. 
lou and I OHl 
apply to: BRDY#, 
NA#, AHOLD, 
EADS#, 
BOFF#, 
KEN#/INV, 
CADV#, 
CADS#, 
CCS#, 
COE#, 
GWE#, 


BWE#, 
TWE#, 
A[31:3], 
T10[10:0], 
MD[63:0], 
MPD[7:0] 


6. 
I OL2 and I OH2 apply to: MWE#, 
MA[ll 
:2], MAA[l 
:0], MAB[l 
:0], RAS[7:0]#, 
CAS[7:0]#, 
PHLDA#, 
GNT[3:0]#, 
HD[63:0] 


7. 
I OL3 and I OH3 apply to: MWE#, 
MA[ll 
:2], MAA[l 
:0], MAB[l 
:0] if programmed 
for 12 mA strength 


8. 
For transient 
voltages, 
V1Ll min is Vss -1.4 
V. This applies 
to the following 
signals: 
A[31:3], 
BE[7:0]#, 
D/C#, W/R#, 
M/IO#, 


HLOCK#, 
ADS#, 
HITM#, 
CACHE#. 


9. 
For transient 
voltages, 
V1H1 max is VDD3 + 1.7 V. This applies 
to the following 
signals: 
A[31 :3], BE[7:0]#, 
D/C#, W/R#, 
MlIO#, 
HLOCK#, 
ADS#, 
HITM#, 
CACHE#. 
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1.4 
82439HX System Controller (TXC) AC Characteristics 


All timings 
are in nanoseconds 
(ns), unless otherwise 
specified. 


Table 
3. 
Host 
Clock 
Timing; 
66 MHz (82439HX) 
_ 


Functional 
Operating 
Range 
(VDD = 5 V ± 5%, VDD3 = 3.135 V to 3.6 V; TCASE = O°C to +85°C) 


66 MHz 
Symbol 
Parameter 
Figures 
Notes 
Min 
Max 


t1 
HCLKIN 
Period 
15.0 
20.0 
1 


HCLKIN 
Period Stability 
±100 
pS 


t3 
HCLKIN 
High Time 
6.0 
' 1 
, 


t4 
HCLKIN 
Low Time 
6.0 
1 


t5 
HCLKIN 
Rise Time 
1.2 
1 


.. 


t6 
HCLKIN 
Fall Time 
1.2 
1 


HCLKIN 
Rising Edge to PCLKIN 
1 
6 
HCLKIN 
must lead 
Rising Edge Skew 
PCLKIN 


Table 
4. CPU Interface 
Timing; 
66 MHz (82439HX) 
Functional 
Operating 
Range 
(VDD = 5V ± 5%, VDD3 = 3.135 V to 3.6 V; TCASE = O°C to +85°C) (Sheet 1 of 2) 


66 MHz 
Symbol 
Parameter 
Figures 
Notes 
Min 
Max 


t7 
ADS# Setup Time to HCLKIN 
Rising 
5.0 
4 


t7a 
ADS# Hold Time from HCLKIN 
Rising 
1.5 
4 


t8 
W/R# Setup Time to HCLKIN 
Rising 
5.5 
4 


t9 
BE[7:0]# 
Setup Time to HCLKIN 
Rising 
5.0 
4 


t10 
HITM# Setup Time to HCLKIN 
Rising 
6.0 
4 


t11 
CACHE# 
Setup Time to HCLKIN 
Rising 
5.0 
4 


t11a 
M/IO# Setup Time to HCLKIN 
Rising 
6.0 
4 


t12 
D/C# Setup Time to HCLKIN 
Rising 
5.0 
4 


t13 
HLOCK#, 
SMIACT# 
Setup Time to 
5.0 
4 
HCLKIN 
Rising 


t14 
HITM#, W/R#, M/IO#, 
D/C#, BE[7:0], 
1.0 
4 
HLOCK#, 
CACHE#, 
SMIACT# 
Hold Time 
from HCLKIN 
Rising 


t15 
A[31 :3] Setup Time to HCLKIN 
Rising 
3.0 
4 


t16 
A[31 :3] Hold Time from HCLKIN 
Rising 
1.0 
4 


t18 
A[31 :3] Valid Delay from HCLKIN 
Rising 
2.0 
13 
3 
o pf 


l 
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Table 
4. CPU Interface 
Timing; 
66 MHz (82439HX) 


Functional 
Operating 
Range (VDD = 5V ± 5%, VDD3 = 3.135 V to 3.6 V; TCASE = O°C to +85°C) 
(Sheel 2 of 2) 


66MHz 
Symbol 
Parameter 
Figures 
Notes 
Min 
Max 


121 
BRDY# 
Valid Delay from HCLKIN 
Rising 
1.5 
8.0 
3 
o pf 


122 
NA# Valid Delay from HCLKIN 
Rising 
1.5 
8.0 
3 
o pf 


123 
AHOLD 
Valid Delay from HCLKIN 
Rising 
1.5 
7.0 
3 
o pf 


124 
BOFF# Valid Delay from HCLKIN 
Rising 
1.5 
7.0 
3 
O.pf 


125 
EADS# Valid Delay from HCLKIN 
Rising 
1.5 
7.0 
3 
o pf 


126 
KEN#/INV 
Valid Delay from HCLKIN 
1.5 
7.0 
3 
o pf 
Rising 


130 
HD[63:0) 
Selup Time 10 HCLKIN 
Rising 
3.0 
4 


131 
HQ[63:0) 
Hold Time from HCLKiN 
Rising 
1.5 
4 


132 
HD[63:0) Valid Delay from HCLKIN 
Rising 
1.5 
7.5 
3 
o pf 


133 
HD[63:0) 
Valid Delay from HCLKIN 
1.5 
8.0 
3 
o pf 
Rising, 66 Mhz ECC enabled 


134 
HD[63:0) 
Valid Delay from HCLKIN 
1.5 
7.0 
3 
o pf 
Rising, 60 Mhz 4 elk Leadoff, 
no L2 


135 
HD[63:0) 
Valid Delay from HCLKIN 
1.5 
6.0 
3 
o pf 
Rising, 66 MHz 5-222 


! 
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Table 
5. Second 
Level Cache 
Timing; 
66 MHz (82439HX) 
Functional 
Operating 
Range 
(VDD = 5V ± 5%, VDD3 = 3.135 V to 3.6 V; TCASE = O°C to +85°C) 


66 MHz 
Symbol 
Parameter 
Figures 
Notes 
Min 
'Max 


Pipe lined 
Burst 
SRAMs 


t40 
COE# Valid Delay from HCLKIN 
Rising 
2.0 
10.0 
3 
o pf 


t41 
TIO [10:0] Valid Delay from HCLKIN 
Rising 
2.0 
9.0 
3 
o pf 


t42 
TIO[10:0] 
Setup time to HCLKIN 
Rising 
3.0 
4 


t43 
TIO[10:0] 
Hold time from HCLKIN 
Rising 
2.0 
4 


t44 
TWE# Valid Delay from HCLKIN 
Rising 
2.0 
10.0 
3 
o pf 


t45 
GWE# Valid Delay from HCLKIN 
Rising 
2.0 
9.0 
3 
o pf 


t45a 
BWE# Valid Delay from HCLKIN 
Rising 
2.0 
9.0 
3 
o pf 


t46 
CCS# Valid Delay from HCLKIN 
Rising 
1.5 
7.0 
3 
o pf 


t47 
CADS# 
Valid Delay from HCLKIN 
Rising 
1.5 
7.0 
3 
o pf 


t48 
CADV# 
Valid Delay from HCLKIN 
Rising 
1.5 
7.0 
3 
o pf 


I' 


\ 
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Table 
6. 
DRAM Interface 
Timing;.66 
MHz (82439HX) 
Functional 
Operating 
Range 
(VDD = 5 V ± 5%, VDD3 = 3.135 V to 3.6 V; T CASE = QOCto +85°C) 


66MHz 
Symbol 
Parameter 
Fig. 
Notes 
Mln 
Max 


150 
RAS[4:0]# 
Valid Delay from HCLKIN 
Rising 
1.5 
6.0 
3 
o pf 


151 
CAS[7:0]# 
Valid Delay from HCLKIN 
Rising 
1.5 
6.0 
3 
o pf 


152 
MWE# Valid Delay from HCLKIN 
Rising 
1.5 
7.0 
3 
o pf 


153 
MA[11 :2] Valid Delay from HCLKIN 
Rising 
2.0 
9.0 
3 
o pf 
(Read Row Addr) 


154 
MAAlB[1 :0] Valid Delay from HCLKIN 
Rising 
2.0 
7.0 
3 
o pf 
(Read Col Addr burst cycles) 


155 
MA[11 :2]. MAAlB[1 :0] Flow Through 
Delay 
2.0 
8.0 
6. 
o pF 
from HCLKIN 
Rising (Read Col Addr leadoff) 


156 
MA[11 :2]. MAAlB[1 :0] Valid Delay from 
2.0 
10.0 
3 
o pF 
HCLKIN 
Rising for a Wrile Cycle 


157 
MD[63:0] 
Selup Time 10 HCLKIN 
Rising 
0 


158 
MD[63:0] 
Selup Time 10 HCLKIN 
Rising for 
11.0 
ECC cycles 


159 
MD[63:0]. 
MPD[7:0] 
Hold Time from HCLKIN 
4.0 
Rising 


160 
MD[63:0]. 
MPD[7:0] 
Valid Delay from HCLKIN 
2.0 
8.0 
o pF 
Rising 


161 
MPD[7:0] 
Selup Time 10 HCLKIN 
RISING 
0 


162 
MPD[7:0] 
Selup Time 10 HCLKIN 
Rising for 
11.0 
ECC cycles 


Table 
7. 
PCI Clock 
Timing; 
66 MHz (82439HX) 
Functional 
Operating 
Range 
(VDD = 5 V ± 5%, VDD3 = 3.135 V to 3.6 V; T CASE = QOCto +85°C) 


66 MHz 
Symbol 
Parameter 
Figure 
Notes 
Min 
Max 


170 
PCLKIN 
High Time 
12.0 
1 


171 
PCLKIN 
Low Time 
12.0 
1 


172 
PCLKIN 
Rise Time 
3.0 
1 


173 
PCLKIN 
Fall Time 
3.0 
1 
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Table 
8. PCllnterface 
Timing; 
66 MHz (82439HX) 
Functional 
Operating 
Range 
(VDD = 5 V :I: 5%, VDD3 = 3.135 V to 3.6 V; TCASE = DOCto +85°C) 


66 MHz 


Symbol 
Parameter 
Figures 
Notes 
Min 
Max 


174 
AD[31 :0] Valid Delay from PCLKIN 
Rising 
2 
11 
3 
Min: 0 pF 
Max: 50 pF 


175 
AD[31 :0] setup 
Time 10 PCLKIN 
Rising 
7 
4 


176 
AD[31 :0] Hold Time from PCLKIN 
0 
4 


177 
C/BE[3:0]#, 
FRAME#, 
TRDY#, 
IRDY#, 
2 
11 
3 
Min: 0 pF 
STOP#, LOCK#, PAR, DEVSEL# 
Valid Delay 
Max: 50 pF 
from PCLKIN 
Rising 


178 
C/BE[3:0]#, 
FRAME#, 
TRDY#, 
IRDY#,/ 
2 
8 
STOP#, 
LOCK#, 
PAR, DEVSEL# 
Oulput 
Enable Delay from PCLKIN 
Rising 


179 
C/BE[3:0]#, 
FRAME#, 
TRDY#, 
IRDY#: 
2 
28 
5 
STOP#, 
LOCK#, 
PAR, DEVSEL# 
Floal 
Delay from PCLKIN 
Rising 


180 
C/BE[3:0]#, 
FRAME#, 
TRDY#, 
IRDY#, 
7 
4 
STOP#, 
LOCK#, 
PAR, DEVSEL# 
Selup 
Time 10 PCLKIN 
Rising 


181 
C/BE[3:0]#, 
FRAME#, 
TRDY#, 
IRDY#, 
0 
4 
STOP#, 
LOCK#, 
PAR, DEVSEL# 
Hold Time 
from PCLKIN 
Rising 


182 
PHLDA# 
Valid Delay from PCLKIN 
Rising 
2 
9.0 
3 
Min: 0 pF 
Max: 50 pF 


183 
PHLD# Selup Time 10 PCLKIN 
Rising 
12 
4 


184 
PHLD# 
Hold Time from PCLKIN 
Rising 
0 
4 


185 
GNT[3:0] 
# Valid Delay from PCLKIN 
Rising 
2 
9.0 
3 
Min: 0 pF 
Max: 50 pF 


186 
REQ[3:0]# 
Selup Time 10 PCLKIN 
Rising 
12 
4 


187 
REQ[3:0]# 
Hold Time from PCLKIN 
Rising 
0 
4 


188 
RST# Low Pulse Widlh 
1 ms 
7 
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1.5 
82439HXSystem Controller (TXC)Timing Diagrams 
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Figure 1. Clock Timing 
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Figure 3. Valid Delay From Rising Clock Edge 
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Figure 4. Setup and Hold Times 
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Figure 5. Float Delay 
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The flow through 
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Figure 6. Flow Through Delay 
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Figure 7. Pulse Width 
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Transfer Rates to 22 MB/Sec 
8 x 32-Blt Buffer for Bus Master IDE PCI 
Burst Transfers 
Separate Master/Slave IDE Mode 
Support (PIIX3) 


• 
Plug-n-Play Port for Motherboard Devices 
2 Steerable DMA Channels (PIIX Only) 
Fast DMA with 4-Byte Buffer (PIIX Only) 
2 Steerable Interrupts Lines on the PIIX 
and 1 Steerable Interrupt Line on the 
PIIX3 
1 Programmable Chip Select 


• 
Steerable PCI Interrupts for PCI Device Plug- 
n-Play 


• 
PCI Specification 
Revision 2.1 Compliant 


(PIIX3) 


• 
Functionality 
of One 82C54 Timer 
- 
System Timer; Refresh Request; 
Speaker Tone Output 


• 
Two 82C59 Interrupt Controller Functions 
14 Interrupts Supported 
- 
Independently 
Programmable for 
EdgeILevel Sensitivity 


Controls Lower X-Bus Data Byte 
Transceiver 


• 
110 Advanced Programmable 
Interrupt 
Controller (IOAPIC) Support (PIIX3) 


• 
Universal Serial Bus (USB) Host Controller 
(PIIX3) 
Compatible with Universal Host 
Controller 
Interface (UHCI) 
Contains Root Hub with 2 USB Ports 


• 
System Power Management (Intel SMM 
Support) 
Programmable 
System Management 
Interrupt (SMI)-Hardware 
Events, 
Software Events, EXTSMI# 
Programmable CPU Clock Control 
(STPCLK#) 
Fast On/Off Mode 


• 
Non-Maskable Interrupts (NMI) 
- 
PCI System Error Reporting 


• 
NAND Tree for Board-Level ATE Testing 


• 
208-Pln QFP 


The 82371FB (PIIX) and 82371SB (PIIX3) PCI ISA IDE Xcelerators are multi-function 
PCI devices 
implementing a PCI-to-ISA bridge function and an PCI IDE function. In addition, the PIIX3 implements a 
Universal Serial Bus host/hub function. As a PCI-to-ISA bridge, the PIIXlPIIX3 integrates many common I/O 
functions found in ISA-based PC systems-a 
seven-channel DMA controller, two 82C59 interrupt controllers, 


an 8254 timer/counter, and power management support. In addition to compatible transfers, each DMA 
channel supports type F transfers. Chip select decoding is provided for BIOS, real time clock, and keyboard 
controller. Edge/Level interrupts and interrupt steering are supported for PCI plug and play compatibility. The 
PIIXlPIIX3 supports two IDE connectors for up to four IDE devices providing an interface for IDE hard disks 
and CD ROMs. The PIIXlPIIX3 provides motherboard plug and play compatibility. PIIX implements two 
steerable DMA channels (including type F transfers) and up to two steerable interrupt lines. PIIX3 implements 
one steerable interrupt line. The interrupt lines can be routed to any of the available ISA interrupts. Both 
PIIXlPIIX3 implement a programmable chip select. 


PIIX3 contains a Universal Serial Bus (USB) Host Controller that is UHCI compatible. The Host Controller's 
root hub has two programmable USB ports. PIIX3 also provides support for an externallOAPIC. 


This document describes the PIIX3 Component. Unshaded areas describe the 82371FB PIIX. Shaded areas, 
like this one, describe the PIIX3 operations that differ from the 82371FB PIIX. 
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82371 FB (PI/X) and 824375B 
(PI/X3) PCI- TO-15A1IDE Xcelerator 


This complete document 
is available from Intel's World Wide Website 


and/or U.S. Literature 
Center: 


World Wide Website: 
http://www.developer.com 


U.S. Literature 
Center: 
800-548-4725 


in other geographies, 
please contact your local sales office 
.. 
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u 
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DEVSEU/ 
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IoN 
1RQ(15, 
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1) 
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~===j:; 
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Bus 
Interface 
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01 APIC.ICKiI 


TES11NtOl 
APIaEQt' 


Note: 


1. 
IOAPICsi 
2. 
PIRQD# Is a 
Iromthe 
System Reset, Test,and 
IDE Interface blocks. ::re,} 


Ir&ctlonalon 
PIIX3. 


PIIXlPIIX3 
Simplified 
Block 
Diagram 
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8237158 (PIIX3) PCI ISA IDE Xcelerator Features 


• Bridge Between the PCI Bus and ISA 
• Enhanced DMA Functions 
Bus 
Two 8237 DMA Controllers 


• PCI and ISA Master/Slave Interface 
Fast Type F DMA 
- 
PCI from 2S-33 MHz 
- 
Compatible DMA Transfers 


- 
ISA from 7.S-8.33 MHz 
- 
7 Independently 
Programmable 


- 
SISA Slots 
Channels 


• Fast IDE Interface 
• X-Bus Peripheral Support 


Supports PlO and Bus Master IDE 
- 
Chip Select Decode 
Supports up to Mode 4 Timings 
- 
Controls Lower X-Bus Data Byte 
Transfer Rates to 22 MByte/Sec 
Transceiver 
8 x 32-Blt Buffer for Bus Master IDE • I/O Advanced Programmable Interrupt 
PCI Burst Transfers 
Controller (IOAPIC) Support 
Separate Master/Slave IDE Mode 
Support 
• Universal Serial Bus (USB) Host 


• Plug-n-Play Port for Motherboard 
Controller 
Devices 
- 
Compatible with Universal Host 


.- 
1 Steerable Interrupt Line 
Controller Interface (UHCI) 


- 
1 Programmable Chip Select 
- 
Contains Root Hub with 2 USB Ports 


• Steerable PCI Interrupts for PCI Device 
• System Power Management (Intel SMM 
Plug-n-Play 
Support) 


• PCI Specification 
Revision 2.1 
Programmable System 
Management Interrupt (SMI~ 
Compliant 
Hardware Events, Software Events, 
• Functionality 
of One 82CS4Timer 
EXTSMI# 
- 
System Timer; Refresh Request; 
Programmable CPU Clock Control 
Speaker Tone Output 
(STPCLK#) 
- 
Fast On/Off Mode 
• Two 82CS9 Interrupt Controller 
Non-Maskable Interrupts (NMI) 
Functions 
• 
14 Interrupts Supported 
- 
PCI System Error Reporting 
- 
Independently Programmable for 
• NAND Tree for Board-Level ATE Testing 
Edge/Level Sensitivity 
• 208-Pin QFP 


REFERENCE INFORMATION: The information in this document is provided as a supplement to the 
standard package datasheet published for the Intel 430HX PClset. Please refer to the standard package 
datasheet (order number 290551) for product information and specifications not found in this document. 


NOTICE: This document contains preliminary information on new products in production. The specifications 
are subject to change without notice. Verify with your local Intel Sales office that you have the latest 
datasheet before finalizing a design. 
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1.0 
Introduction 


This document 
contains 
the Electrical 
and the Thermal 
Specification 
(ETS) for the 82371SB 
(PIIX3). which is a 
part of the 82440FX. 
82430HX. 
and 82430VX 
PClsets. 
The specifications 
refer to the 82371 SB (PIIX3). 
The 
PIIX3 
is a multi-function 
PCI device 
implementing 
a PCI-to-ISA 
bridge 
function 
and a PCI IDE function. 
in 
addition 
to integrating 
a Universal 
Serial Bus HosVHub function. 


The contents 
of this document 
are preliminary 
based 
on the first level estimates 
from simulation. 
This infor- 


mation will be modified 
as more data is available. 


1.1 
References 


This documents 
assumes 
that the reader is familiar 
with the following 
documents: 


Document 
Name 
Order 
Number 


Intel430HX 
PClset 
(TXC) Datasheet 
290551 


Intel430HX 
Design Guide 
297467 


82371FB 
(PI/X) and 82371SB 
(PI/X3) Datasheet 
290550 


Universal 
Serial Bus Specification 
None 
(available 
at http://www.teleport.com/-usb) 


2.0 
Electrical Characteristics 


2.1 
Absolute Maximum Ratings 


Case Temperature 
under Bias 
O'C to +85'C 
Storage 
Temperature 
-55'C 
to +150'C 
Voltage 
on Any Pin with Respect to Ground1 
...•.•.....••...................................••..•••...••..•••...•• 
-0.3 V to Vcc + 0.3 V 
Supply Voltage with Respect to Vss 
-0.3 V to +6.5 V 
3.3 V Supply Voltage 
with Respect to Vss (VCC3) ................................••.•....•••••....•.......••.•........... 
-0.3 V to +4.3 V 
Maximum 
Power Dissipation 
: 
1.0 W 


1 To ensure 
long term reliability 
of the device. 
worst case AC operating 
conditions 
on the PCI signals 
would 


include 
support for an overvoltage 
of + 11.0 V and undervoltage 
of -5.5 V. 


WARNING: 
Stressing 
the device 
beyond 
the "Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage. 
These are stress ratings only. Operating 
beyond 
the "Operating 
Conditions" 
is not recommended 
and extended 
exposure 
beyond 
"Operating 
Conditions" 
may affect reliability. 
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2.2 
Thermal Characteristics 


The 82371S8 (PIIX3) is designed for operation at case temperatures between O·C and 8S·C. The thermal 
resistances of the package are given in Table 1. 


Table 1. 8237158 
(PIIX3) Package 
Thermal 
Resistance 


Parameter 
Air Flow 
Meters/Second 
(Linear 
Feet per Minute) 


0(0) 
1.0 (196.9) 


9ja (ClWatt) 
34.5 
26.1 


9je (ClWatt) 
12.0 
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2.3 
DC Characteristics 


Table 
2. 8237158 
.(PIIX3) DC Characteristics 
(Sheet 1 of 2) 


Functional 
Operating 
Range 
(Vcc = 5 V :I: 5%, VCC3 = 3.3 V :I: O~3V, TCASE = O·C to +85·C) 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


V1Ll 
Input Low Voltage 
- 
-0.3 
0.8 
V 


V1H1 
Input High Voltage 
- 
2.0 
VCCNCC3 + 
V 
, 


0.3 


VT1_ 
Schmitt Trigger Threshold 
0.7 
1.35 
V 
1, Vcc=5.0 
V 
Voltage, 
Falling Edge 


VT1+ 
Schmitt Trigger Threshold 
1.4 
2.2 
V 
1, Vcc=5.0 
V 


Voltage, 
Rising Edge 


VH1 
Hysteresis 
Voltage 
0.3 
1.2 
V 
1, Vcc=5.0 
V 


VOLl 
Output 
Low Voltage 
- - 
0.4 
V 
2,3,4,5 


VOH1 
Output 
High Voltage 
VCCNCC3 - 
V 
2,3,4,5 


.. 
0.5 


VOL2 
Output Low Voltage 
0.3 
V 
7 
- 


VOH2 
Output High Voltage 
2.8 
3.6 
V 
7 


VD1 
Differential 
Input Sensitivity 
0.2 
V 
7, 


I(USBPx+, 
USBPx-)1 


VCM 
Differential 
Common 
Mode 
0.8 
2.5 
V 
7, Includes 
VDI 


Range 


VSE 
Single Ended Rcvr Threshold 
0.8 
2.0 
V 
7 
. 
. 


lOll 
Output Low Current 
4 
mA 
2 


IOH1 
Output 
High Current 
-1 
mA 
2 


IOL2 
Output 
Low Current 
12 
mA 
3 


,. 


IOH2 
Output High Current 
-3 
mA 
3 
- 
c- 
.. 


NOTES: 


1. 
VT1-, VT1+ and VH1 apply to the following 
signals: 
IRQx,IOCHK#, 
ZEROWS#, 
PWROK. 


2. 
Iou, 
IOHl apply to the following 
signals 
(VOLl pertains 
to the lou 
condition 
and VOH1 pertains 
to the IOHl condition): 


DD[15, 13:0), APICCS#/DD14, 
PHOLD#, 
DDAK[1:0)#, 
IGNNE#, 
INTR, SMI#, STPCLK#, 
CPURST#, 
INIT, NMI, TC, 
DREQ[7:5,3:0), 
DACK[7:5,3:0)#, 
REFRESH#, 
SDIR, SOE#, 
BIOSCS#, 
RTCCS#, 
KBCS#, 
XOE#, 
XDIR, 
MIRQ[O), 
RTCALE, 
PIRQ[D:A). 


3. 
10L2' IOH2 apply to the following 
signals 
(Vou 
pertains 
to the 10L2 condition 
and VOH1 pertains 
to the IOH2 condition): 


SYSCLK, 
SD[15:0),IOCHRDY, 
SMEMR#, 
AEN, SMEMW#, 
IOR#, IOW#, 
RSTDRV, 
SA[7:0), 
BALE, 
MEMCS16#, 
LA[23:17), 
MEMR#, 
MEMW#, 
SPKR, 
DIOW#, 
DIOR. 


4. 
IOL3, IOH3 apply to the following 
signals 
(Vou 
pertains 
to the IOL3 condition 
and VOH1 pertains 
to the IOH3 condition): 


AD[31 :0), C/BE[3:0)#, 
PCIRST#/APICACK#. 


5. 
IOL4' IOH4 apply to the following 
signals 
(Vou 
pertains 
to the IOL4 condition 
and VOH1 pertains 
to the IOH4 condition): 


FRAME#, 
TRDY#, 
IRDY#, STOP#, 
DEVSEL#, 
PAR. 


6. 
These 
signals 
have weak intemal 
pull-up 
resistors. 


7. 
These 
parameters 
apply to USBP [1 :0)+, USBP [1 :0)-. 10LS' 10HSapply to the following 
signals 
(VOL2' pertains 
to the IOLS 
condition 
and VOH2 pertains 
to the 10HScondition): 
USBP[l 
:0]+, USBP[1 :0]-. The VOL2 assumes 
RL of 1.5 Kn to 3.6 V 
and VOH2 assumes 
RL of 15 KO to GND. 
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Table 
2. 8237158 
(PIIX3) DC Characteristics 
(Sheet 2 of 2) 


Functional 
Operating 
Range 
(Vcc 
= 5 V ± 5%, VCC3 = 3.3 V ± 0.3 V, TCASE = O°C to +85°C) 


Symbol 
Parameter 
Mln 
Max 
Unit 
Notes 


IOL3 
Output Low Current 
- ~ 
3 
mA 
4 
• .-"j 


IOH3 
Output High Current 


._---. 
- 
- 
_ ....• 
-2 
mA 
4 
- 
" 


IOL4 
Output Low Current 
6 
mA 
5 
- 


IOH4 
Output 
High Current 
.(.. 
-2 
mA 
5 


IOLS 
Output 
Low Current 
2 
mA 
7 
. 


';" 
i 
, 


IOHS 
Output 
High Current 
. 
-0.25 
mA 
7 


IU1 
Input Leakage 
'Current 
±1 
~A 
All, except IU2 IU3 and 


---- 
IU4 


IU2 
Input Leakage 
Current 
. 


±300 
~A 
TC (note 6) 


IU3 
Input Leakage 
Current 
±250 
~A 
EXTSMI#, 
TESTIN# 


(note 6) 


IU4 
Hi-Z State Data Line Leakage 
-10 
+10 
!lA 
7,0 
V< VIN< 3.3 V 


lee 
Vee Supply Current 
155 
mA 


CIN 
Input Capacitance 
,. 
L> 
12 
pF 
Fe = 1 MHz 
- 
-- 


COUT 
Output Capacitance 
. ~ 
12 
pF 
Fe = 1 MHz 
I 


CI/O 
110 Capacitance 
12 
pF 
Fe = 1 MHz 


NOTES: 


1. 
VT1-, VT1+ and VH1 apply to the following 
signals: 
IRQx, IOCHK#, 
ZEROWS#, 
PWROK. 


2. 
Iou, 
10Hl apply to the following 
signals 
(Vou 
pertains 
to the 10L1 condition 
and VOH1 pertains 
to the 10Hl condition): 


DD[15,13:0j, 
APICCS#/DD14, 
PHOLD#, 
DDAK[1:0j#, 
IGNNE#, 
INTR, SMI#, STPCLK#, 
CPURST#, 
INIT, NMI, TC, 


DREQ[7:5,3:0j, 
DACK[7:5,3:0j#, 
REFRESH#, 
SDIR, SOE#, 
BIOSCS#, 
RTCCS#, 
KBCS#, 
XOE#, 
XDIR, 
MIRQ[Oj, 


RTCALE, 
PIRQ[D:Aj. 


3. 
10L2' IOH2 apply to the following 
signals 
(Vou 
pertains 
to the IOL2 condition 
and VOH1 pertains 
to the IOH2 condition): 


SYSCLK, 
SD[15:0j, 
IOCHRDY, 
SMEMR#, 
AEN, SMEMW#, 
IOR#, IOW#, 
RSTDRV, 
SA[7:0j, 
BALE, 
MEMCS16#, 


LA[23:17j, 
MEMR#, 
MEMW#, 
SPKR, 
DIOW#, 
DIOR. 


4. 
IOL3' IOH3 apply to the following 
signals 
(Vou 
pertains 
to the IOL3 condition 
and VOH1 pertains 
to the IOH3 condition): 


AD[31:0j, 
C/BE[3:0j#, 
PCIRST#/APICACK#. 


5. 
IOL4' IOH4 apply to the following 
signals 
(Vou 
pertains 
to the IOL4 condition 
and VOH1 pertains 
to the IOH4 condition): 


FRAME#, 
TRDY#, 
IRDY#, 
STOP#, 
DEVSEL#, 
PAR. 


6. 
These 
signals 
have weak 
internal 
pull-up 
resistors. 


7. 
These 
parameters 
apply to USBP [1 :OJ+, USBP [1:0j-. 
IOLS' IOHSapply to the following 
signals 
(VOL2' pertains 
to the IOLS 


condition 
and VOH2 pertains 
to the IOH5 condition): 
USBP[1:0j+, 
USBP[1:0j-. 
The VOL2 assumes 
RL of 1.5 Kn to 3.6 V 


and VOH2 assumes 
RL of 15 KO to GND. 
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2.4 
AC Characteristics 


Table 3. Clock/Reset Timings 
(Sheet 1 of 2) 


Functional Operating Range (Vcc = 5 V :i:5%, VCC3 = 3.3 V:i: 0.3 V, TCASE = O°Cto +85°C) 


Sym 
Parameter 
Mln 
Max 
Units 
Notes 
Fig 


I 
PCI Clock Timings 


PCICLK 


t1a 
Period 
30 
40 
ns 
2 


t1 b 
High Time 
: 
12.0 
ns 
2 


t1c 
Low Time 
12.0 
ns 
2 


t1c 
Rise Time 
3.0 
ns 
2 


t1d 
Fall Time 
I 
3.0 
ns 
2 


ISA Clock Timings 


SYSCLK 


t1f 
Period 
120 
125 
ns 
2 


t1 g 
High Time 
""', 
,. - 
49 
ns 
2 


t1h 
Low time 
" 
, 
49 
ns 
2 


t1 i 
Rise Time 
4 
ns 
2 


t1j 
Fall time 
l 
4 
ns 
2 


Oscillator Clock Timings 


t1k 
OSC 


t11 
OSC Period 
67 
70 
ns 
2 


t1m 
High Time 
~ 
20 
t 
2 


t1n 
Low time 
I 
20 
ns 
2 
usa Clock Timings 


fclk48 
Operating Frequency 
48 
MHz 


t1 p 
Frequency 
Tolerant 
±2500 
ppm 
1 


t1q 
High Time 
7 
ns 
2 


t1 r 
Low Time 
7 
ns 
2 


t1s 
Rise Time 
1.2 
ns 
2 


t1l 
Fall Time 
1.2 
ns 
2 


fclk24 
Operating Frequency 
24 
MHz 


t1 p 
Frequency 
Tolerant 
±2500 
ppm 
1 


t1q 
High Time 
17.5 
ns 
2 


NOTE: 


1. 
The USBCLK 
is 24 MHz or 48 MHz that expects 
a 45/55% 
duty cycle for 24 MHz and 40/60% 
duty cycle for 48 MHz. 
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Table 3. Clock/Reset 
Timings 
(Sheet 2 of 2) 


Functional 
Operating 
Range 
(Vcc = 5 V :t 5%, VCC3 = 3.3 V :t 0.3 V, TCASE = O°C to +85°C) 


Sym 
Parameter 
Min 
Max 
Units 
Notes 
Fig 


t1 r 
low 
Time 
17.5 
ns 
2 


t1s 
Rise Time 
~ 
1.2 
ns 
2 


tll 
Fall Time 
1.2 
ns 
2 


Reset Timings 


t2a 
-PCIRST#, 
RSTDRV 
Driven Inactive After 
3 
PWROK 
is Driven Active High 
1 
ms 
~ 


- CPURST 
Driven Inactive After PWROK 
is 


, 


Driven Active High 
2 
ms 


t2b 
CPURST, 
PCIRST#, 
RSTDRV 
Active 
1 
ms 
[r 
4 
Pulse Width. 
Initiated via the RC Register 


t2c 
CPURST 
Valid Delay from PCIClK 
Rising 
3 
17 
ns 
30 


NOTE: 


1. 
The USBCLK 
is 24 MHz or 48 MHz that expects 
a 45/55% 
duty cycle for 24 MHz and 40/60% 
duty cycle for 48 MHz. 


Table 4. System 
Power 
Management 
Timings 


Functional 
Operating 
Range 
(Vcc = 5 V:t 
5%, VCC3 = 3.3 V:t 
0.3 V, TCASE = ooe to + 85°C) 


Sym 
Parameter 
Mln 
Max 
Units 
Notes 
Fig 


SMI# 


t3a 
Valid Delay from PCIClK 
2 
11 
ns 
7 


t3b 
Active Pulse Width 
3 
PClKIN 
5 


t3c 
Inactive 
Pulse Width 
4 
PClKIN 
5 


EXTSMI# 


t3d 
Active 
Pulse Width 


1. 
2 
PClKIN 
5 
-. 


t3e 
Inactive 
Pulse Width 
4 
PClKIN 
5 


t3f 
Valid Setup to PCIClK 
.. 
, 
10 
ns 
6 


t3g 
Valid Hold from PCIClK 
2 
ns 
6 


STPClK# 


t3h 
Valid Delay from PCIClK 
2 
11 
ns 
7 


t3i 
STPClK# 
Inactive 
Pulse Width 
5 
PClKIN 
5 


I 
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Table 
5. 
ISA Bus and x-aus Timings 
(Sheet 1 of 11) 


Functional 
Operating 
Range 
(V cc = 5 V ± 5%, VCC3 = 3.3 V :t 0.3 V, TCASE = O°C to +85°C) 


Sym 
Parameter 
Min 
Max 
Units 
Type 
Size 
Notest 
Fig 


PIIX3 AS MASTER 
TIMINGS 


BALE 


t4a 
BALE Pulse Width 
50 
ns 
M,I/O 
8,16 
8,9,10,11 


t4b 
BALE Driven Active from MEMx#, 
10x# 
44 
ns 
M,I/O 
8,16 
8,9,10,11 
Inactive 


LA[23:17] 


t5a 
LA[23:17) 
Valid Setup to BALE Inactive 
150 
ns 
M 
8,16 
7 
8,9 


t5b 
LA[23:17) 
Valid Hold from BALE 
26 
ns 
M 
8,16 
8,9 
Inactive 


t5c 
LA[23:17) 
Valid Setup to MEMx# Active 
150 
ns 
M 
16 
9 


t5d 
LA[23:17) 
Valid Setup to MEMx# Active 
173 
ns 
M 
8 
8 


t5e 
LA[23:17) 
Invalid from MEMx# Active 
39 
ns 
M 
16 
9 


t5f 
LA[23:17) 
Invalid from MEMx# Active 
39 
ns 
M 
8 
8 


SA[19:0], 
SBHE# 


t6a 
SA[19:0), 
SBHE# Valid Setup to 
34 
ns 
M 
16 
13,15 
9 
MEMx# Active 


t6b 
SA[19:0), 
SBHE# Valid Setup to 10x# 
100 
ns 
I/O 
16 
11 
Active 


t6c 
SA[19:0), 
SBHE# 
Setup to MEMx#, 
100 
ns 
M,I/O 
8 
8,10 
10x# Active 


t6d 
SA[19:0), 
SBHE# Valid Setup to BALE 
37 
ns 
M,I/O 
8,16 
13,15 
8,9,10,11 
Inactive 


t6e 
SA[19:0), 
SBHE# Valid Hold from 
41 
ns 
M,I/O 
8,16 
8,9,10,11 
MEMx#, 
10x# Inactive 


MEMR#, 
MEMW#, 
IOR# AND 
IOW# 


t7a 
MEMx# Active Pulse Width (std) 
225 
ns 
M 
16 
9 


t7b 
10x# Active Pulse Width (std) 
160 
ns 
I/O 
16 
11 


t7c 
MEMx# Active Pulse Width 
(nws) 
105 
ns 
M 
16 
1 
9 


t7d 
MEMx# or 10x# Active Pulse Width 
520 
ns 
M,110 
8 
8,10 
(std) 


t7e 
MEMx# or 10x# Active Pulse Width 
160 
ns 
M,I/O 
8 
1 
8,10 
(nws) 


t7f 
MEMx# 
Inactive 
Pulse Width 
103 
ns 
M 
16 
9 


t7g 
MEMx# 
Inactive 
Pulse Width 
163 
ns 
M 
8 
8 


t Refer to the corresponding 
entry in Table 6 (page 
17) for all notes. 
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82437S8 
(PIIX3) Timing Specification 


Table 
5. ISA Bus and x-aus Timings 
(Sheet 2 of 11) 


Functional 
Operating 
Range 
(Vcc = 5 V ± 5%, VCC3 = 3.3 V % 0.3 V, TCASE = O°C to +85°C) 


Sym 
Parameter 
Mln 
Max 
Units 
Type 
Size 
Notest 
Fig 


t7h 
10x# Inactive 
Pulse Width 
163 
ns 
I/O 
8,16 
10,11 


t7i 
MEMx#, 
10x# Driven Inactive from 
120 
ns 
M,I/O 
8,16 
8,9,10,11 


10CHRDY 
Active 


SMEMR# 
and SMEMW# 


t8a 
SMEMR# 
& SMEMW# 
Propagation 
16 
ns 
M 
8,16 
8,9 


Delay from MEMR# 
and MEMW# 


Read Data 


t9a 
Read Data Driven from MEMR#, 
10R# 
0 
ns 
M,I/O 
8,16 
8,9,10,11 


Active 


t9b 
Read Data Valid Setup to MEMR#, 
24 
ns 
M,I/O 
8,16 
8,9,10,11 
10R# 


t9c 
Read Data Valid Hold from MEMR#, 
0 
ns 
M,I/O 
8,16 
8,9,10,11 


10R# Inactive 


t9d 
Read Data Three-stated 
from MEMR# 
41 
ns 
M,I/O 
8,16 
8,9,10,11 


and 10R# Inactive 


Write 
Data 


t10a 
Write Data Valid Setup to MEMW# 
8,9,10,11 


Active 
-40 
ns 
M,I/O 
8,16 


Write Data Valid Setup to 10W# Active 
-40 
ns 
M,110 
8 


Write Data Valid Setup to 10W# Active 
+23 
ns 
M,I/O 
16 


t10b 
Write'Data 
Valid Hold from MEMW#, 
45 
ns 
M,I/O 
8,16 
8,9,10,11 


10W# Inactive 


t10c 
Write Data Three-Stated 
from MEMW#, 
105 
ns 
M,I/O 
8,16 
8,9,10,11 


10W# Inactive 


t10d 
Write Data Driven Valid after Read 
41 
ns 
M,I/O 
8,16 
8,9,10,11 


MEMR#, 
10R# Inactive 


MEMCS16# 


t11a 
MEMCS16# 
Driven Active from 
94 
ns 
M 
16 
9 


LA[23:17) 
Valid 


t11 b 
MEMCS16# 
Inactive from LA[23:17) 
91 
ns 
M 
8 
8,9 


Valid 


t11c 
MEMCS16# 
Valid Hold from LA[23:17) 
0 
ns 
M 
16 
9 


Invalid 


t11d 
MEMCS16# 
Driven Active from 
35 
ns 
M 
16 
9 


SA[19:2) 
Valid 


tRefer 
to the corresponding 
entry in Table 6 (page 
17) for all notes. 
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8243758 
(PIIX3) Timing Specification 


Table 
5. 
ISA Bus and X·Bus 
Timings 
(Sheet 3 of 11) 


Functional 
Operating 
Range 
(Vcc = 5 V ± 5%, VCC3 = 3.3 V :t 0.3 V, TCASE = O°C to +85°C) 


Sym 
Parameter 
Min 
Max 
Units 
Type 
Size 
Notest 
Fig 


IOCS16# 


t12a 
IOCS16# 
Driven Active from Valid 
123 
ns 
I/O 
16 
11 


SA[19:0) 


t12b 
IOCS16# 
Inactive from Valid SA[19:0) 
91 
ns 
I/O 
8 
10,11 


t12c 
IOCS16# 
Valid Hold from SA[19:0) 
0 
ns 
I/O 
16 
11 
Invalid 


t12d 
IOCS16# 
Driven Active from 10x Active 
80 
ns 
I/O 
16 
11 


ZEROWS# 


t13a 
ZEROWS# 
Driven Active from MEMx# 
16 
ns 
M 
16 
9 


Active 


t13b 
ZEROWS# 
Driven Active from MEMx#, 
80 
ns 
M,I/O 
8 
8,10 
10x# Active 


t13c 
ZEROWS# 
Driven Active from 
180 
ns 
M 
16 
9 


LA[23:17) 
Valid 


t13d 
ZEROWS# 
Driven Active from 
300 
ns 
M 
8 
8 
LA[23:17) 
Valid 


t13e 
ZEROWS# 
Driven Active from 
80 
ns 
M 
16 
9 


SA[19:0), 
SBHE# Valid 


t13f 
ZEROWS# 
Driven Active from 
200 
ns 
M,I/O 
8 
8,10 


SA[19:0), 
SBHE# Valid 


AEN 


114a 
AEN Valid Setup to 10x# Driven Active 
111 
ns 
I/O 
8,16 
10,11 


t14b 
AEN Valid Setup to BALE Driven 
111 
ns 
I/O 
8,16 
10,11 
Inactive 


t14c 
AEN Valid Hold from 10x# Driven 
41 
ns 
I/O 
8,16 
10,11 


Inactive 


IOCHRDY 


t15a 
10CHRDY 
Driven Valid from MEMx#, 
78 
ns 
M,I/O 
16 
9,11 


10x# Active 


t15b 
10CHRDY 
Driven Valid from MEMx#, 
366 
ns 
M,IIO 
8 
8,10 


10x# Active 


t15e 
10CHRDY 
Inactive 
Pulse Width 
120 
15.6 
j.ls 
M,I/O 
8,16 
8,9,10,11 


PIIX3 AS SLAVE 
TIMINGS 


LA[23:17] 


t16a 
LA[23:17) 
Valid Setup to MEMx# Active 
23 
ns 
M 
16 
12 


T Refer to the corresponding 
entry In Table 6 (page 
17) for all notes. 
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82437S8 
(PIIX3) Timing Specification 


Table 
5. ISA Bus and x-sus Timings 
(Sheet 4 of 11) 


Functional 
Operating 
Range 
CYcc = 5 V ± 5%, V CC3 = 3.3 V :t 0.3 V, TCASE = O°C to +85°C) 


Sym 
Parameter 
Min 
Max 
Units 
Type 
Size 
Notest 
Fig 


SA[19:0],SBHE# 


t17a 
SA[19:0),SBHE# 
Setup to MEMx# 
23 
ns 
M 
16 
12 
Active 


t17b 
SA[19:0),SBHE# 
Setup to 10x# Active 
89 
ns 
I/O 
8 
13 


t17c 
SA[19:0),SBHE# 
Valid Hold from 
30 
ns 
M,i/O 
8,16 
12,13 
MEMx#, 
10x# Inactive 


MEMR#, 
MEMW#, 
IOR#, IOW# 


t18a 
MEMx# Active Pulse Width 
214 
ns 
M 
16 
12 


t18b 
10x# Active Pulse Width 
509 
ns 
I/O 
8 
13 


t18c 
MEMx# 
Inactive 
Pulse Width 
92 
ns 
M 
16 
12 


t18d 
10x# Inactive 
Pulse Width 
152 
ns 
I/O 
8 
13 


Read Data 


t19a 
Read Data Valid from 10CHRDY 
Active 
69 
ns 
M,110 
8,16 
12,13 


t19b 
Read Data Valid from 10R# Active 
69 
ns 
I/O 
8 
11 
13 


t19c 
Read Data Valid Hold from MEMR#, 
0 
ns 
M ,110 
8,16 
12,13 
10R# Inactive 


t19d 
Read Data Three-State 
from MEMR#, 
55 
ns 
M ,110 
8,16 
12,13 
10R# Inactive 


Write 
Data 


t20a 
Write Data Valid Setup to MEMW#, 
-54 
ns 
M,110 
8,16 
12,13 


10W# Active 


t20b 
Write Data Valid Hold from MEMW#, 
14 
ns 
M,IIO 
8,16 
12,13 


iOW# Inactive 


MEMCS16# 


t21a 
MEMCS16# 
Driven Active from Valid 
65 
ns 
M 
16 
12 
LA[23:17) 


t21 b 
MEMCS16# 
Float from Valid LA[23:17) 
31 
ns 
M 
16 
12 


t21c 
MEMCS16# 
Valid Hold from LA[23:17) 
0 
ns 
M 
16 
12 
Invalid 


IOCHRDY 


t22a 
10CHRDY 
Inactive from MEMx#, 
10x# 
50 
ns 
M ,110 
8,16 
12,13 


Active 


t22b 
10CHRDY 
Float from 10CHRDY 
Rising 
85 
ns 
M ,110 
8,16 
4 
12,13 


t22c 
10CHRDY 
Inactive 
Pulse Width 
120 
2.5 
Ils 
M ,110 
8,16 
12,13 


T Refer to the corresponding 
entry in Table 6 (page 
17) for all notes. 
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Table 
5. 
ISA Bus and X-Bus 
Timings 
(Sheet 5 of 11) 


Functional 
Operating 
Range 
(Vcc = 5 V ± 5%, VCC3 = 3.3 V:t 
0.3 V, TCASE = O°C to +85°C) 


Sym 
Parameter 
Min 
Max 
Units 
Type 
Size 
Notest 
Fig 


Interrupt 
and NMI Timings 


NMITiming 


t23a 
SERR#, 
IOCHK# 
Active to NMI Driven 
200 
ns 
14 
Active 


Interrupt 
Timing 


t24a 
IROx, MIROO Inactive 
Pulse Width 
100 
ns 
15 


ISA Bus Master 
Timings 


DACK# 


t26a 
DACK#, 
Inactive from DREO Inactive 
240 
ns 
16 


Three-Stating 
and Driving 
the Bus 


t27a 
PIIX3 Three-States 
Address, 
Data, and 
0 
30 
ns 
16 
Control Signals from DACK#, Active 


t27b 
PIIX3 Drives Address, 
Data, and 
71 
ns 
16 
Control Signais from DACK#, 
Inactive 


SMEMR# 
and SMEMW# 


t28a 
SMEMR# 
& SMEMW# 
Active 
(falling 
25 
ns 
16 
edge) from MEMR# and MEMW# Active 
(falling edge) 


t28b 
SMEMR# 
& SMEMW# 
Inactive 
(rising 
35 
ns 
16 
edge) from MEMR# 
and MEMW# 
Inactiv9 
(rising edge) 


Data Swap 
Logic 
Timing 
(ISA Master 
to ISA Slave) 


t29a 
SD[7:0] to SD[15:8] 
Propagation 
Delay 
26 
ns 
17 


t29b 
SD[15:8] 
to SD[7:0] 
Propagation 
Delay 
26 
ns 
17 


t29c 
PIIX3 Drives Data Bus from IOR#, 
26 
ns 
2 
17 
IOW#, MEMR# 
or MEMW# 
Active 


t29d 
PIIX3 Three-States 
Bus from IOR#, 
2 
55 
ns 
2,3 
17 
MEMR#, 
or SMEMR#,inactive 


t2ge 
PIIX3 Three-States 
Bus from IOW#, 
2 
60 
ns 
2,3 
17 
MEMW#, 
or SMEMW# 
Inactive 


T Refer to the corresponding 
entry In Table 6 (page 
17) for all notes. 
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82437S8 
(PIIX3) Timing Specification 


Table 
5. ISA Bus and X-Bus 
Timings 
(Sheet 6 of 11) 


Functional 
Operating 
Range 
(Vcc = 5 V ± 5%, VCC3 = 3.3 V ± 0.3 V, TCASE = O°C to +85°C) 


Sym 
Parameter 
Min 
Max 
Units 
Type 
Size 
Notesf 
Fig 


DMA Compatible 
Timings 


DREQ 


t30a 
DREQ Active Hold from IOR# Active 
558 
ns 
5 
19 


t30b 
DREQ Active Hold from IOW# Active 
315 
ns 
5 
18 


DACK# 


t31a 
DACK# Active to IOR# Active 
73 
ns 
19 


t31b 
DACK# Active to IOW# Active 
312 
ns 
18 


t31c 
DACK# Active Hold from IOR# Inactive 
100 
ns 
19 


t31d 
DACK# Active Hold from IOW# Inactive 
155 
ns 
18 


AEN and BALE 


t32a 
AEN Active to IOx# Active 
111 
ns 
18,19 


t32b 
AEN and BALE Inactive 
from IOx# 
41 
ns 
18,19 
Inactive 
, 


LA[23:19], 
SA[19:0], 
SBHE# 


t33a 
LA[23:19j,SA[19:0j, 
SBHE# Valid Setup 
99 
ns 
18,19 
to MEMx# Active 


t33b 
LA[23:19j,SA[19:0j, 
SBHE# Valid Hold 
51 
ns 
18,19 
from MEMx# 
Inactive 


MEMR#, 
MEMW#, 
IOR#, IOW# 


t34a 
IOW# and MEMW# 
Active 
Pulse Width 
465 
ns 
18,19 


t34b 
MEMR# Active 
Pulse Width 
495 
ns 
18 


t34c 
IOR# Active 
Pulse Width 
760 
ns 
19 


t34d 
IOW# Inactive 
Pulse Width (continuous) 
465 
ns 
18 


t34e 
IOR# Inactive 
Pulse Width 
(continuous) 
160 
ns 
19 


t34f 
IOR# Active to MEMW# 
Active 
230 
ns 
19 


t349 
MEMR# Active to IOW# Active 
-26 
ns 
18 


t34h 
MEMR# Active Hold from IOW# lnactlve 
40 
ns 
18 


t34i 
IOR# Active Hold from MEMW# 
Inactive 
40 
ns 
. 19 


t34j 
MEMx# Active Hold from IOCHRDY 
120 
ns 
18,19 
Active 


SMEMR# 
and SMEMW# 


t35a 
SMEMR# 
& SMEMW# 
Valid from 
15 
ns 
18,19 
MEMR# and MEMW# 
Valid 


T Refer to the corresponding 
entry In Table 
6 (page 
17) for all notes. 
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82437S8 
(PIIX3) Timing Specification 


Table 
5. 
ISA Bus and X-Bus 
Timings 
(Sheet 7 of 11) 


Functional 
Operating 
Range 
(Vcc = 5 V ± 5%, VCC3 = 3.3 V:I: 0.3 V, TCASE = O°C to +85°C) 


Sym 
Parameter 
Min 
Max 
Units 
Typo 
Size 
Notest 
Fig 


Read Data 


t36a 
Read Data Valid from IOR# Active 
237 
ns 
19 


t36b 
Read Data Valid Hold from IOR# 
0 
ns 
19 
Inactive 


t36c 
Read Data Float from IOR# Inactive 
61 
ns 
19 
~~ 


Write 
Data 


t37a 
Write Data Valid Setup to IOW# Inactive 
225 
ns 
18 


t37b 
Write Data Valid Hold from IOW# 
36 
ns 
18 
Inactive 


Data Swap 
Logic 
Timing 
(IS A to ISA Transaction) 


t38a 
SD[7:0) to SD[15:8) 
Propagation 
Delay 
26 
ns 
20 


t38b 
SD[15:8) 
to SD[7:0) 
Propagation 
Delay 
26 
ns 


I 
20 


t38c 
PIIX3 Drives Data Bus from IOR# or 
26 
ns 
2 
20 
MEMR# Active 


t38d 
PIIX3 Three-States 
Bus from IOR# or 
55 
ns 
2 
20 
MEMR# 
Inactive 


TC 


t39a 
TC Active Setup to IOx# Inactive 
511 
ns 
6 
18,19 


t39b 
TC Active Hold from IOx# Inactive 
71 
ns 
6 
18,19 


t39h 
TC Pulse Width 
700 
ns 
18,19 


IOCHRDY 


t40b 
IOCHRDY 
Valid from MEMx# Active 
315 
ns 
18,19 


t40c 
IOCHRDY 
Inactive 
Pulse Width 
125 
ns 
18,19 


DMA Type 
"F" Timings 


DREQ 


t55a 
DREQ Active Hold from IOR# Active 
82 
ns 
5, 16 
21 


t55b 
DREQ Active Hold from IOW# Active 
82 
ns 
5, 16 
21 


DACK# 


t56a 
DACK# Active to IOR# Active 
77 
ns 
16 
21 


t56b 
DACK# Active to IOW# Active 
77 
ns 
16 
21 


t56c 
DACK# Active Hold from IOR# Inactive 
30 
ns 
16 
21 


t56d 
DACK# Active Hold from IOW# Inactive 
30 
ns 
16 
21 


tRefer 
to the corresponding 
entry In Table 6 (page 
17) for all notes. 
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8243788 
(PIIX3) Timing Specification 
intet 


Table 
5. ISA Bus and x-aus Timings 
(Sheet 8 of 11) 


Functional 
Operating 
Range 
(Vcc = 5 V ± 5%, VCC3 = 3.3 V % 0.3 V, TC;ASE= O·C to +85·C) 


Sym 
Parameter 
Min 
Max 
Units 
Type 
Size 
Notest 
Fig 


AEN and BALE 


t57a 
AEN Active to IOx# Active 
111 
ns 
21 


t57b 
AEN and BALE Inactive from IOx# 
41 
ns 
21 
Inactive 


IOR# and IOW# 


t58a 
IOR# Active 
Pulse Width 
110 
ns 
21 


t58b 
IOW# Active 
Pulse Width 
110 
ns 
21 


t58c 
IOR# Inactive 
Pulse Width (Continuous) 
115 
ns 
21 


t58d 
IOW# Inactive 
Pulse Width 
115 
ns 
21 
(Continuous) 


Read Data 


t59a 
Read Data Valid from IOR# Active 
96 
ns 
21 


t59b 
Read Data Valid Hold from IOR# 
2 
ns 
21 


Inactive 


t59c 
Read Data Float from IOR# Inactive 
61 
ns 
21 


Write 
Data 


t60a 
Write Data Valid Setup to IOW# Inactive 
70 
ns 
21 


t60b 
Write Data Valid Hold from IOW# 
31 
ns 
21 
Inactive 


TC 


t61a 
TC Active Setup to IOR# Inactive 
40 
ns 
6 
21 


t61b 
TC Active Setup to IOW# Inactive 
40 
ns 
6 
21 


t61c 
TC Active Hold from IOx#lnactive 
0 
ns 
6 
21 


ISA Refresh 
Timings 


REFRESH# 


t62a 
REFRESH# 
Active Setup to MEMR# 
120 
ns 
22.23 
Active 


t62b 
REFRESH# 
Active Hold from MEMR# 
31 
218 
ns 
22.23 


Inactive 


t62c 
REFRESH# 
Driven Active to SA[15:0) 
11 
ns 
22.23 
Valid 


t62d 
REFRESH# 
Active Hold from SA[15:0) 
11 
ns 
22.23 
Invalid 


t Refer to the corresponding 
entry In Table 6 (page 
17) for all notes. 
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Table 
5. 
ISA Bus and x-sus Timings 
(Sheet 9 of 11) 


Functional 
Operating 
Range 01cc = 5 V ± 5%, VCC3 = 3.3 V ± 0.3 V, TCASE = O°C to +85°C) 


Sym 
Parameter 
Min 
Max 
Units 
Type 
Size 
Notest 
Fig 


AEN 


t63a 
AEN Driven Active to MEMR# Active 
11 
ns 
22,23 


t63b 
AEN Hold from MEMR# 
Inactive 
11 
ns 
22,23 


SA[15:0] 


t64a 
SA[15:0) 
Valid Setup to MEMR# 
Active 
72 
ns 
22,23 


t64b 
SA[15:0) 
Valid Hold from MEMR# 
35 
ns 
22,23 
Inactive 


t64c 
SA[15:0) 
Valid Float from MEMR# 
46 
120 
ns 
8 
23 
Inactive 


MEMR#, 
SMEMR# 


t65a 
MEMR# 
Active Pulse Width 
225 
ns 
22,23 


t65b 
MEMR# 
Three-state 
from MEMR# 
36 
120 
ns 
22,23 
Inactive 


t65c 
MEMR# 
Driven Inactive from IOCHRDY 
120 
ns 
22,23 
Active 


t65d 
SMEMR# 
Propagation 
Delay from 
25 
ns 
22,23 
MEMR# 


IOCHRDY 


t66a 
IOCHRDY 
Inactive from MEMR# 
Active 
76 
ns 
22,23 


t66b 
IOCHRDY 
Valid from MEMR# Active 
76 
ns 
22,23 


t66c 
IOCHRDY 
Active to Inactive 
120 
ns 
22,23 


PIIX3 Driving 
Bus From 
REFRESH# 


t67a 
PIIX3 Drives Control and Address 
from 
5 
ns 
8 
23 
REFRESH# 
Active 


PIIX3 and ISA Master 
Accesses 
to the X-Bus 


BIOSCS#, 
KBCCS#, 
RTCCS#, 
AND 
PCS# 


t68a 
CS# Driven Active from SA[19:0), 
35 
ns 
24 
LA[23:17) 
Valid 


t68b 
CS# Driven Inactive from SA[16:0), 
35 
ns 
24 
LA[23:17) 
Invalid 


T Refer to the corresponding 
entry In Table 
6 (page 
17) for all notes. 
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Table 
5. ISA Bus and X-Bus 
Timings 
(Sheet 
10 of 11) 


Functional 
Operating 
Range 
(Vcc = 5 V ± 5%, VCC3 = 3.3 V:t 
0.3 V, TCASE = O°C to +85°C) 


Sym 
Parameter 
Min 
Max 
Units 
Type 
Size 
Notest 
Fig 


XDIR# and XOE# 


t69a 
XDIR# Active from IOR#, MEMR# 
24 
Active 


- PCI-Initiated 
Access 
25 
ns 


- ISA-Initiated 
Access 
35 
ns 


t69b 
XOE# Active from IOx#, MEMx# Active 
29 
ns 
24 


t69c 
XDIR# Active Setup to XOE# Active 
-2 
8 
ns 
24 


t69d 
XOE# Inactive from IOx#, MEMx# 
35 
60 
ns 
9 
24 
Inactive 


t6ge 
XDIR# 
Inactive from IOR#, MEMR# 
45 
100 
ns 
9 
24 
Inactive 


t69f 
XOE# Setup to XDIR# Inactive 
7 
45 
ns 
9 
24 


t699 
XOE# Inactive from SA[16:0] 
and 
25 
ns 
10 
24 
LA[23:17] 


t69h 
XDIR# Inactive from IOR#, MEMR# 
13 
60 
ns 
10 
24 
Inactive 


DMA Accesses 
To X-Bus 


XDlR# 


t70a 
XDIR# Active from DACKx#, 
MDAKx# 
25 
ns 
12,14 
25 
Active 


t70b 
XDIR# Inactive from DACKx#, 
MDAKx# 
8 
65 
ns 
12 
25 
Inactive 


Miscellaneous 
X-Bus 
Timings 


Mouse 
Timing 
Support 


t71a 
IRQ12/M 
and IRQ1 Minimum 
Active 
180 
ns 
26 
Pulse Width (for Mouse Function 
and 
• 


Keyboard) 


T Refer to the corresponding 
entry In Table 
6 (page 
17) for all notes. 
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Table 
5. ISA Bus and X-Bus 
Timings 
(Sheet 
11 of 11) 


Functional 
Operating 
Range 
(V cc = 5 V ± 5%, VCC3 = 3.3 V:t 
0.3 V, TCASE = O°C to +85°C) 


Sym 
Parameter 
Min 
Max 
Units 
Type 
Size 
Notest 
Fig 


Coprocessor 
Error 
Support 


t73a 
IGNNE# 
Active from IOW# Active from 
220 
ns 
26 
Port FOH Access 


t73b 
IGNNE# 
Inactive from FERR# Inactive 
230 
ns 
26 


Real Time 
Clock 
Timing 
(RTCALE) 


t75a 
RTCALE 
Pulse Width 
200 
300 
ns 
27 


t75b 
RTCALE 
Active from IOW# Active 
27 


PCI·initiated 
Access 
85 
ns 


ISA-Initiated 
Access 
156 
ns 


Speaker 
Timing 


t76a 
SPKR Valid Delay from OSC Rising 
200 
ns 
28 


• 
t Refer to the corresponding 
entry in Table 6 (page 
17) for all notes. 


Table 
6. 
Notes 
to Table 
5, "ISA and X-Bus 
Timings" 


1. 
No-wait-state 
(ZEROWS#) 
asserted. 


2. 
This applies 
to the byte lane that the data has been swapped 
to. 


3. 
Data is three-stated 
from the standard 
memory 
commands 
(SMEMR# 
or SMEMW#) 
when they are gen- 
erated. 


4. 
This specification 
includes 
both the time the PIIX3 drives IOCHRDY 
active and the time it takes the 
PIIX3 to float IOCHRDY. 


5. 
This applies 
to the last cycle of a demand 
mode DMA transfer. 


6. 
Output from PIIX3. 


7. 
36 ns have been added to the ISA specification 
to meet ZEROWS# 
setup requirements. 


8. 
This applies 
to ISA Master-initiated 
refresh only. 


9. 
PIIX3 as a master cycle only. 


10. 
ISA Master cycles only. 


11. 
This applies to the PIIX3 cycles in which IOCHRDY 
is not driven low. 


12. 
This applies to all DACK# signals. 


13. 
56 ns have been added to the ISA spec to meet MEMCS16# 
setup requirements. 
ISA devices 
generally 


do not use the SA address 
as part of their MEMCS16# 
decode. 
However, 
some devices do use SA as 


part of MEMCS16# 
decode. 


14. 
X-Bus read. 


15. 
For back-to-back 
"sub cycles" generated 
as a result of byte assembly 
or disassembly, 
this spec is 34 ns. 


16. 
Type F transfers 
are selected 
via the MBDMAX 
register. 
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Table 
7. 
PCllnterface 
Timing 


Functional 
Operating 
Range 
(Vcc = 5 V ~ 5%, VCC3 = 3.3 V ~ 0.3 V, TCASE = O·C to +S5·C) 


Sym 
Parameter 
Min 
Max 
Units 
Notes 
Fig 


t77 
AD[31 :0) Valid Delay 
2 
11 
ns 
Min: 0 pF 
30 
Max: 50 pF 


t78 
AD[31 :0) Setup Time 
7 
ns 
31 


t79 
AD[31 :0) Hold Time 
0 
ns 
31 


t80 
C/BE[3:0)#, 
FRAME#, 
TRDY#, 
IRDY#, 
2 
11 
ns 
Min: 0 pF 
30 
STOP#, 
PAR, SERR#, 
IDSEL, 
DEVSEL# 
Max: 50 pF 
Valid Delay from PCLKIN 
Rising 


t81 
C/BE[3:0)#, 
FRAME#, 
TRDY#, 
IRDY#, 
2 
ns 
34 


STOP#, 
PAR, SERR#, 
IDSEL, 
DEVSEL# 
Output 
Enable Delay from PCLKIN 
Rising 


t82 
C/BE[3:0)#, 
FRAME#, 
TRDY#, 
IRDY#, 
2 
28 
ns 
32 


STOP#, 
SERR#, 
IDSEL, 
DEVSEL# 
Float 
Delay from PCLKIN 
Rising 


t83 
C/BE[3:0)#, 
FRAME#, 
TRDY#, 
IRDY#, 
7 
ns 
31 


STOP#, 
SERR#, 
IDSEL, DEVSEL# 
Setup 
Time to PCLKIN 
Rising 


t84 
C/BE[3:0)#, 
FRAME#, 
TRDY#, 
IRDY#, 
0 
ns 
31 


STOP#, 
SERR#, 
IDSEL, 
DEVSEL# 
Hold 
Time from PCLKIN 
Rising 


t85 
PHLD# Valid Delay from PCICLK 
Rising 
2 
12 
ns 
o pF 
30 


t86 
PHLDA# 
Setup Time to PCICLK 
Rising 
10 
ns 
31 


t87 
PHLDA# 
Hold Time from PCICLK 
Rising 
0 
ns 
31 


t91 
PIRQ[D:A)# 
Setup Time to PCICLK 
Rising 
1 
31 


192 
PIRQ[D:A)# 
Hold Time From PCICLK 
1 
31 


Rising 


196 
RSn 
Low Pulse Width 
1 
ms 
33 


NOTE: 


1. 
This signal is internally 
synchronized. 
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Table 8. 
PCI Bus IDE Timing 


Functional 
Operating 
Range (Vcc = 5 V:t 5%, VCC3 = 3.3 v « 0.3 V, TCASE = O°C to +85°C) 


Sym 
Parameter 
Mln 
Max 
Units 
Notes 
Fig 


1102 
DD[15:0) 
Valid Delay from PCICLK 
2 
20 
ns 
35,36 


1103 
DD[15:0) 
Selup 10 PCICLK 
10 
ns 
35,36 


1104 
DD[15:0) 
Hold from PCICLK 
2 
ns 
35,36 


1105 
DA[2:O) Valid Delay from PCICLK 
2 
20 
ns 
35 


1108 
SDIR# Valid Delay from PCICLK 
Rising 
2 
20 
ns 
35,36 


1109 
SOE# Valid Delay from PCICLK 
Rising 
2 
20 
ns 
35,36 


1110 
DIOx# Valid Delay from PCICLK 
Rising 
2 
20 
ns 
35,36 


1111 
CS1P#, 
CS3P#, 
CS1S#, 
CS3S# Valid 
2 
20 
ns 
35 
Delay from PCICLK 
Rising 


1113 
IORDY Selup 10 PCICLK 
Rising 
ns 
3 
35 


1114 
IORDY Hold From PCICLK 
Rising 
ns 
3 
35 


1116 
DDRQ[1 :0) Setup Time to PCICLK 
Rising 
10 
ns 
36 


1117 
DDRQ[1 :0) Hold From PCICLK 
Rising 
2 
ns 
36 


1118 
DDAK[1 :0)# Valid Delay From PCICLK 
2 
20 
ns 
36 
Rising 


1119 
DIOx# Aclive 
Pulse Width 
PCICLK 
1,4 
35,36 


1120 
DIOx# Inactive 
Pulse Widlh 
PCICLK 
2,4 
35,36 


t121 
IORDY Sample 
Poinl From DIOx# Assertion 
PCICLK 
1,4 
35 


NOTES: 


1. 
This parameter 
is programmable 
from 2-5 PCI clocks when the drive mode is Mode 2 or greater. 
Refer to the ISP field in 
the IDE Timing 
Register. 


2. 
This parameter 
is programmable 
from 1-4 PCI clocks when the drive mode is Mode 2 or greater. 
Refer to the RCT field in 
the IDE Timing 
Register. 


3. 
IORDY 
is internally 
synchronized. 
This timing 
is to guarantee 
recognition 
on the next clock. 


4. 
The cycle time is the compatible 
timing when the drive mode is Mode 0/1. Refer to the TIMEO/1 fields in the IDE timing 
register. 
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Table 
9. 
Universal 
Serial 
Bus Timing 
(Sheet 1 of 2) 


Functional 
Operating 
Range (Vcc 
= 5 V ± 5%, VCC3 = 3.3 V:t 
0.3 V, TCASE = O°C to +85°C) 


Sym 
Parameter 
Min 
Max 
Units 
Notes 
Fig 


Full Speed 
Source 
(Note 
7) 


t122 
USBPx+, 
USBPx- 
Driver Rise Time 
4 
20 
ns 
1, CL = 50 pF 
37 


t123 
USBPx+, 
USBPx- 
Driver Fall Time 
4 
20 
ns 
1, CL = 50 pF 
37 


t124 
Source 
Differential 
Driver Jitter 
2,3 
38 


To Next Transition 
-2 
2 
ns 


For Paired Transitions 
-1 
1 
ns 


t125 
Source 
EOP Width 
160 
175 
ns 
4 
39 


t126 
Differential 
to SEO Transition 
Skew 
-2 
5 
ns 
5 


t127 
Receiver 
Data Jitter Tolerance 
3 
38 


To Next Transition 
-20 
20 
ns 


For Paired Transitions 
-10 
10 
ns 


t128 
EOP Width 
4 
39 


Must reject as EOP 
40 
ns 


Must accept as EOP 
85 
ns 


t126 
Differential 
to SEO Transition 
Skew 
-2 
5 
ns 
5 


I 
Low Speed 
Source 
(Note 
8) 


t127 
USBPx+, 
USBPx- 
Driver Rise Time 
1,6 
37 


75 
ns 
CL =50 
pF 


300 
ns 
CL = 350 pF 


t128 
USBPx+, 
USBPx- 
Driver Fall Time 
1,6 
37 


75 
ns 
CL = 50 pF 


300 
ns 
CL = 350 pF 


t129 
Source 
Differential 
Driver Jitter 
2,3 
38 


To Next Transition 
-2 
2 
ns 


For Paired Transitions 
-1 
1 
ns 


NOTE: 


1. 
Driver output 
resistance 
under steady 
state drive is specified 
at 28 n at minimum 
and 43 n at maximum. 


2. 
Timing 
difference 
between 
the differe'ntial 
data signals. 


3. 
Measured 
at crossover 
point of differential 
data signals. 


4. 
Measured 
at 50% swing point of data signals. 


5. 
Measured 
from last crossover 
point to 50% swing point of data line at leading 
edge of EOP. 


6. 
Measured 
from 10% to 90% of the data signal. 


7. 
Full Speed 
Data Rate has minimum 
of 11.97 Mbps and maximum 
of 12.03 Mbps. 


8. 
Low Speed 
Data Rate has a minimum 
of 1.48 Mbps and a maximum 
of 1.52 Mbps. 
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Table 
9. 
Universal 
Serial 
Bus Timing 
(Sheet 2 of 2) 


Functional 
Operating 
Range 
(Vcc 
= 5 V ± 5%, VCC3 = 3.3 V ± 0.3 V, TCASE = O°C to +85°C) 


Sym 
Parameter 
Mln 
Max 
Units 
Notes 
Fig 


t130 
Source 
EOP Width 
160 
175 
ns 
4 
39 


t131 
Differential 
to SEO Transition 
Skew 
-2 
5 
ns 
5 


t132 
Receiver 
Data Jitter Tolerance 
3 
38 


To Next Transition 
-20 
20 
ns 


For Paired Transitions 
-10 
10 
ns 


t133 
EOPWidth 
4 
39 


Must reject as EOP 
40 
ns 


Must accept as EOP 
85 
ns 


t134 
Differential 
to SEO Transition 
Skew 
-2 
5 
ns 
5 


NOTE: 


1. 
Driver output 
resistance 
under steady 
state drive is specified 
at 28 n at minimum 
and 43 n at maximum. 


2. 
Timing 
difference 
between 
the differential 
data signals. 


3. 
Measured 
at crossover 
point of differential 
data signals. 


4. 
Measured 
at 50% swing point of data signals. 


5. 
Measured 
from last crossover 
point to 50% swing 
point of data line at leading 
edge of EOP. 


6. 
Measured 
from 
10% to 90% of the data signal. 


7. 
Full Speed 
Data Rate has minimum 
of 11.97 Mbps and maximum 
of 12.03 Mbps. 


8. 
Low Speed 
Data Rate has a minimum 
of 1.48 Mbps and a maximum 
of .1.52 Mbps. 


Table 
10. 
IOAPIC 
Bus Timing 


Functional 
Operating 
Range 
(V cc = 5 V ± 5%, TCASE = 0 CCto + 85°C) 


Sym 
Parameter 
Mln 
Max 
Units 
Notes 
Fig 


t136 
APICCS# 
Setup to MEMx# 
2 
PCIClK 
1 
40 


t137 
SA[19:0) 
Setup to APICCS# 
2 
PCIClK 
1 
40 


t138 
APICACK# 
Valid Delay from PCIClK 
2.0 
9.0 
ns 
30 


t139 
APICREO# 
Valid Setup to PCIClK 
10.0 
ns 
31 


t140 
APICREO# 
Valid Hold from PCIClK 
0.0 
ns 
31 


NOTE: 


1. 
With these exceptions 
the APIC configuration 
cycles 
conform 
to the 8-bit ISA Memory 
Slave Timing 
where 
PIIX3 is the 
master. 
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Table 
11. 
A.C. Test Signals 


Capacitive 
Load 
Signals 


120 pt 
REFRESH#, 
TC, SD[15:0], 
SA[19:0], 
SBHE#, 
LA[23:17]. 
IOCS16#, 
MEMCS16#, 


MEMR#, 
MEMW#, 
SMEMR#, 
SMEMW#, 
IOR#, IOW#, AEN, BALE, IOCHRDY, 


ZEROWS#, 
RSTDRV, 
SYSCLK 


50 pt 
DACK#[7:5,3:0], 
SPKR, 
INTR, NMI, BIOSCS#, 
KBCCS#, 
RTCCS#, 
RTCALE, 


I 


XDIR#, XOE#, 
IGNNE#, 
SOE#, SDIR#, 
DD[15,13:0], 
DD14/APICCS#, 
DIOR#, 


DIOW#, 
DDAK[1:0]#, 
CS1S#, 
CS3S#, 
CS1P#, 
CS3P#, 
DA[2:0] 


Output0----1 


C 
T" 


CL Includes all Parasitic Capacitance 


048816.drw 


Figure 
1. Test 
Load 


2.5 
Clock, Reset, ISA Bus, X-Bus, and Host Timing Diagrams 


PCICLK, 
SYSCLK, 


OSC 


Fall 
Low Time 
Rise 


048817.drw 
(M) 


Figure 
2. Clock 
Timing 
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PClcLK 


048820.drw 
(M) 


t2a 
PWROK 


CPURST, 
PCIRST#, 
RSTDRV 


Figure 3. Reset Inactive After PWROK 


048821.drw 
(M) 


CPURST, 
PCIRST#, 
l+---_t_2b 
~1 


RSTDRV ==>c:= 
~ 
(Write to RC Re!lister) 


Figure 4. Reset Active Pulse Width 


048823.drw 
(M) 


'C'CCK~ 


SMI# 


PCICLK 


EXTSMI# 


PCICLK 


STPCLK# 


Figure 5. SMI#, EXTSMI#, and STPCLK# Timing 
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PCICLK 


048824.drw 
(M) 


t3f 
t39 


EXTSMI# 
__ 
1 


Figure 6. Input to PCICLK Setup/Hold Times 


PCICLK 


048825.drw 
(M) 


SMI#, EXTSMI#, 


STPCLK# 
J 


Figure 7. HCLKIN to Output Valid Delay 
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LA[23:17] 


SA[19:0]. 
SBHE. 


MEMR•• MEMW# 


SMEMXII 


MEMCS16# 


ZEROWSI 


IOCHROY 


SO[7:0] R 


SO[7:0] W 


BALE 
JA 
~ 


1510 
lo;!, 


tM 
151 
.1 


."" 


14b 
.. 
t6c 
•. 
17d 17e 
t6e ••. 


~ 
17n 
....- 
lA! 
~ 
I 
- 


1.11h 


"!H 


•• 3d 


~ 
'15b 
t1c.. 
,171 
.- 
t9b 
1~~I9d 


... 
110d 
~ 
~Ob2lef 
-I 


048826.aw 


j;igure 8. 8·Blt ISA Memory Slave Timing (PIIX3 as Master) 
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LA[23:17] 


SA[15:0],SBHE 
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SMEMW#, 
SMEMR# 


MEMCS16# 


ZEROWS# 


IOCHRDY 
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R 
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~ 
r-\ 


tS•• 
.Ch 


- 


tilt! 
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# 
tA, 
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Figure 9. l6-Bit 
ISA Memory Slave Timing 
(PIIX3 as Mastt!r) 
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SA[19:0]. SBHE'. 


IOR'.IOW' 


IOCS16' 


ZEROWS' 


IOCHROY 


S0[7:0] R 


S0[7:0]W 


AEN ~ 


t14a 
t14c I 


t14b 


~ 
I\-- 


t6d 
~ 
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t6c 
t7d t7e 
t4b 


t7h 


t12b 
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I 
t9b 
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048828.drw 


Figure 
10. 8-Bit ISA 110 Slave Timing 
(PIIX3 as Master) 


1998 PentiunfP Processor 
Databook 
PRELIMINARY 
6-281 


82437S8 
(PIIX3) Timing Specification 


6-282 


5A[19:0],5BHE# 


IOR#,IOW# 


IOC516# 


IOCHROY 
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Figure 11. 16-Bit 1/0 Slave Timing 
(PIIX3 as Master) 
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BALE 
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• 
l17a 
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Figure 12. ISA Master Accessing 
PCI Memory Timing 
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Figure 13. ISA Master Accessing PIIX3 Register Timing 
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SERR#,IOCHK# 


NMI 


04B832.drw 


Figure 14. NMI Timing 


IRQxt 
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048833.drw 


Figure 15. Interrupt Timing 
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Figure 16. ISA Master Miscellaneous 
Timing 
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Figure 17. ISA Master Data Swap Timing 
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Figure 19. DMA Compatible Timing (Memory Write) 
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Figure 20. DMA Compatible Timing (Data Swap) 


1998 PentiurrfY Processor 
Databook 
PRELIMINARY 
6-287 


82437S8 
(PIIX3) Timing Specification 


6-288 


intel~ 


OREQ 
MORQx 


OACKII 


MOAKxII 


MEMRII 


50[15:0) 


MEMWII 


50[15:0) 


AEN 


I 
\ 


1578 
155b 
~ 
157b\ 
r--- 
~I 
III 
156b • 
r156 
1"'- 
......., 


158b 


158d 
"' 


-. 


1601 J601!. 


J. 


1568 
1558 
1588 


1578 
~ 


j 
I 
, 


159c, 


~ 
~ 
161b 
I tS1 'L 


- 
I 
I 


-'618 
1J.61'i. 


IOW' 


IOR' 


TC 


dm __ I.da" 


Figure 21. DMA Type F Timing 


PRELIMINARY 
1998 Pentiurrfi> Processor 
Databook 


, 


82437S8 
(PIIX3) Timing Specification 


REFRESH# 


SA[15:0) 


MEMR# 


SMEMR# 


IOCHRDY 


AEN 
t63b 
\ 


I 


t62b 


t62c 
t64a 
~ 
I 
- 


t62a 
IJ63~ 
. t65a 
t64b 


, 


t65b 
r-- 


~ 
t65.d. 


-y 


t66a,b 
t66c 
t65c 


I 


BALE 


v 
048839.drw 


Figure 22. 
PIIX3-lnitiated 
Refresh 
Timing 


1998 Pentiu~ 
Processor Databook 
PRELIMINARY 
6-289 


82437S8 (P/lX3) Timing Specification 


6-290 


REFRESH# 


SA[15:0] 


MEMR# 


SMEMR# 


IOCHRDY 


AEN 
I 
--ll 


" 
I 
I 
163a 
163b 


---IlHi9h 


I 


162a 
162b 
--ll 


162c 
~ 
--:;- 


164a 
165a 
164b 
--ll 
164c 
167a 
165b 


--ll 
~ 
~ 


- 
\ 


~ 
. 
166a,b 
166c 
165c 


BALE 


048840.dtw 


Figure 23. ISA Master-Initiated 
Refresh Timing 


PRELIMINARY 
1998 PentiunfiP Processor 
Databook 


82437S8 
(PIIX3) Timing Specification 


LA[23:17) 


5A[16:0) 


PCCS[l :4)', KBCS., 
MCC5., RTCCS. 


MEMR., MEMW., 


IOR',IOW. 


BIOSCS., XOE. 


S0(7:0) R 


50(7:0) W 


BALE ~ 
~r-\~ 
_ 


XOIR. 


168a 
168b 


169b 


16ge 


PIIX4as Masler 
169d 14-~ 


169a 
169c 
691 


I 
I 


I 


ISA Masler 
t~Oh 
169g 


~ 
169h 


\ 


048841.ds 


XOE. 


XOIR. 
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Figure 25. DMA Access to X-Bus Timing 
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2.6 
PCI Timing Diagrams 
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Figure 31. Setup and Hold Times 
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2.7 
IDE Timing Diagrams 
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Figure 35. IDE PlO Mode 
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Figure 36. 10E Multlword OMA Mode 
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Figure 39. EOPWidth Timing 


2.9 
IOAPIC Timing Diagrams 
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3.0 
Timing Relationship Diagrams 


3.1 
PCIto IDEAT Compatible Transaction Timing 


intet~ 


This diagram illustrates the generic case of a PCI master reading from or writing to an IDE I/O port. Note that 
the latency to start up (setup of the address and chip selects with respect to the command strobe) and shut 
down (hold time of the address and chip selects with respect to the command strobe) of the IDE cycle are 
shown as one clock. In reality, different values are used for different types of transactions. The command 
strobe assertion width is shown as two PCI clocks. This is the minimum value for the fast timing modes. The 8- 
and 16-bit compatible timing modes are slower. The values for the startup, shutdown, and command strobe 
width are given in Table 12. 
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NOTES: 


1. 
The PHLOA# 
signal will always 
be negated 
at least one clock 
prior to FRAME# 
assertion. 


2. 
OEVSEL# 
is asserted 
by the PIIX3 in medium 
time. 
. 


3. 
The IROY# signal must be sampled 
asserted 
for writes by this point in order not to delay the assertion 
of the OIOW# 
sig- 


nal. 
' 


4. 
The 00[15:0] 
signals 
are three-stated 
on this clock in the case of reads from the 10E ports. Therefore, 
the earliest 
that 


the OIOR# signal 
(which enables 
data to be driven onto the 00[15:0J 
lines by the 10E slave device) 
can be driven 
is the 
following 
clock. (Therefore, 
the startup 
latency 
is at least one clock.) 


5. 
The SOE# signal is reasserted 
when 
no more 10E transactions 
are pending. 


6. 
TROY# 
is asserted 
here with respect 
to the negation 
edge of the OIOR# and OIOW# signals. 


Figure 41. PCI Master Access to IDE Device 
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Table 
12. 
Command 
Strobe Width for IDE Transaction 
Type 


IDE Transaction 
Type 
Startup 
Lafency 
Shutdbwn 
Latency 
ISP 
RCT 


Non-data 
port (8 bit)-25 
MHz 
4 
1 
9 
17 


Data port (16 bit)-25 
MHz 
3 
1 
5 
11 


Non-data 
port (8 bit)-30/33 
MHz 
4 
1 
11 
22 


Data port (16 bit)-30/33 
MHz 
3 
1 
6 
14 


Enhanced 
timing data port (MAX) 
2 
1 
5 
4 


Enhanced 
timing data port (MIN) 
2 
1 
2 
1 


NOTE: 
Startup 
and Shutdown 
latency 
will be incurred 
for all IDE PlO transactions 
except enhanced 
timing 
data port trans- 
actions. 
Further, 
the IDE chip selects 
are negated 
for at least two clocks 
after the Shutdown 
latency 
of the last 
transaction 
and before 
the Startup 
latency 
of the next. 
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1.0 
Introduction 


Designs 
that use the low power features 
of the Pentium® 


processors 
with 
Voltage 
Reduction 
Technology 
(VRT) 


can also take advantage 
of the high performance 
capabil- 


ities of the Intel 430HX 
PClsets. 
This application 
note 


describes 
the differences 
between 
the Pentium 
processor 


with VRT and the 3.3 V Pentium processor 
and discusses 


some of the design 
considerations 
in using the Pentium 


processor 
with VRT with the Intel430HX 
PClset. 


This application 
note should be used in conjunction 
with 


the Pentium processor 
documents 
listed in "Related 
Infor- 


mation" 
on page 7. 
. 


2.0 
Voltage Reduction Technology 
(VRT) 


The greatest 
challenge 
in developing 
systems 
based 
on 


new 
low 
power 
processor 
architectures 
is maintaining 


efficient 
thermal 
energy 
management. 
Since 
low power 


systems 
do not usually contain 
a cooling 
fan for internal 


components, 
heat is dissipated 
using innovative 
thermo- 


dynamic 
design techniques 
such as heat pipes and thermal 


sensors, 
and by using the mobile 
system 
chassis 
to vent 


heat 
externally. 
Proper 
thermal 
design 
is 
critical 
to 


ensuring 
the 
reliability 
of 
low 
power 
systems. 


Components 
that run too hot will be more likely to fail 


during normal use and may reduce the life of the system. 


To help 
solve 
thermal 
issues, 
Intel 
developed 
Voltage 


Reduction 
Technology, 
which 
is 
integrated 
into 
new 


versions 
of the 75-, 90-, 100-, 120-, 133- and 150-MHz 


Pentium 
processors. 
The 
external 
pins 
of the 
Pentium 


processor 
with VRT remain powered 
at 3.3 Volts, which 


allows 
the 
processor 
to 
communicate 
with 
existing 


3.3 Volt components 
in the system. 
The internal 
core of 


the processor 
operates at 2.9/3.1 Volts, resulting in up to a 


40 percent 
power 
savings 
over its desktop 
counterpart. 
Consequently, 
the ISO MHz Pentium 
processor 
delivers 
over 
60 
percent 
faster 
performance 
than 
the 
3.3 Volt 


75 MHz version while retaining long battery life. 


The Pentium 
processor 
with VRT is offered 
in the Tape 


Carrier 
Package 
(TCP) and the Staggered 
Pin Grid Array 


(SPGA) 
package. 
In this document, 
only the features 
of 


the SPGA package are discussed. 
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The 
architecture 
and 
internal 
features 
of the 
Pentium 


processor 
with VRT are identical 
to those of the desktop 


version 
of the 
Pentium 
processor, 
as described 
in the 


Pentium® 
Processor 
Family 
Developer's 
Manual, 


Volume 
J: Pentium® 
Processors, 
except 
some 
features 


which will be discussed 
later. 


3.0 
Intel 430HXPClset 


The Intel 430HX PClset consists of the 82439HX 
System 


Controller 
(TXC) 
and 
the 
82371SB 
PCI 
ISA 
IDE 
Xcelerator 
(PIIX3). The TXC is a single-chip 
host-to-PCI 
bridge 
and provides 
the second 
level cache 
control 
and 


DRAM 
control 
functions. 
The second 
level (L2) cache 


controller 
supports 
a write-back 
cache 
policy 
for cache 


sizes of 256 Kbytes 
and 512 Kbytes. 
Cacheless 
designs 


are also supported. 
The cache 
memory 
is implemented 


with synchronous 
pipelined 
burst 
SRAMs. 
An external 
Tag RAM is used for the address tag and an internal Tag 
RAM 
is used 
for the cache 
line status 
bits. 
The TXC 


provides 
a 64/72-bit 
data 
path 
to main 
memory 
and 


memory 
sizes up to 512 Mbytes. 
The DRAM 
controller 
provides 
eight 
rows 
and 
optional 
DRAM 
error 
detection/correction 
or parity. The TXC's 
optimized 
PCI 


interface 
allows the CPU to sustain 
the highest 
possible 


bandwidth 
to the graphics 
frame buffer at all frequencies. 


Using 
the 
snoop 
ahead 
feature, 
The 
TXC 
allows 
PCI 


masters 
to achieve 
full 
pel 
bandwidth. 
For 
increased 


system performance, 
the TXC contains 
read prefetch 
and 
posted write buffers. 


4.0 
Differenl>esBetweenthe SPGA 
Pentium 
Processor with Voltage 
Reduction Technology and the 3.3 V . 
Pentium Processor 


All specifications 
for the SPGA Pentium 
processor 
with 
VRT 
are 
identical 
to 
those 
of 
the 
3.3 V 
Pentium 
processor, 
except 
for the 
differences 
described 
in this 


section. 


4.1 
Features Removed 


The 
following 
features 
have 
been 
removed 
for 
the 


Pentium 
processor 
with VRT: Upgrade, 
Dual Processing 


(DP), APIC 
and Master/Checker 
functional 
redundancy. 


Table 1 lists the corresponding 
pins on the 3.3 V Pentium 
processor 
that 
have 
been 
removed 
on 
the 
Pentium 
processor 
with VRT. 
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Table 1. Signals 
Removed 
from the Pentium~Processor 
with Voltage 
Reduction 
Technology 


Signal 
Typet 
Function 


Additional 
Address 
Status. This signal Is mainly used for large or stand-alone 
L2 
ADSC# 
0 
cache memory 
subsystem 
support 
required for high-performance 
desktop 
or server 


models. 


BRDYC# 
I 
Additional 
Burst Ready. This signal is mainly used for large or stand-alone 
L2 cache 


memory 
subsystem 
support 
required for high-performance 
desktop 
or server models. 


CPUTYP 
I 
CPU Type. This signal is used for dual processing 
systems. 


D/P# 
0 
Dual/Primary 
processor 
identification. 
This signal is used only for an upgrade 
processor. 


FRCMC# 
I 
Functional 
Redundancy 
Checking. 
This signal is ~ed 
only for error detection 
via 


processor 
redundancy, 
and requires 
two Pentium 
processors 
(master/checker). 


PBGNT# 
I/O 
Private Bus Grant. This signal is used only for dual processing 
systems. 


PBREQ# 
I/O 
Private Bus Request. This signal is used only for dual processing 
systems. 


PHIT# 
I/O 
Private Hit. This signal is used only for dual processing 
systems. 


PHITM# 
I/O 
Private Modified 
HIt. This signal is used only for dual processing 
systems. 


PICCLK 
I 
APIC Clock. This signal is the APIC interrupt 
controller 
serial data bus clock. 


PICDO 
I/O 
APIC's 
Programmable 
Interrupt 
Controller 
Data line O. PICDO shares 
a pin with 
[DPEN#) 
DPEN# (Dual Processing 
Enable). 


PICD1 
I/O 
APIC's 
pro~ammable 
Interrupt 
Controller 
Data line 1. PICD1 shares 
a pin with 


[APICEN) 
APICEN 
(A 
IC Enable upon RESET). 


tThe pins are classified 
as Input or Output based on their function 
in Master Mode. 
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4.2 
Maximum Rating 


The following values are stress ratings only. Functional 
operation at the maximum rating is neither implied nor 
guaranteed. Functional operating conditions are given in 
the AC and DC specification tables. Extended exposure to 
the maximum ratings may affect device reliability. 
Furthermore, although the SPGA Pentium processor with 
VRT contains protective circuitry to resist damage from 
static electric discharge, precautions should be taken to 
avoid high static voltages or electric fields. 
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WARNING: 


Stressing the device beyond the "Absolute 
Maximum 
Ratings" may 
cause permanent 
damage. 
These 
are 
stress 
ratings 
only. 


Operation beyond the "Operating Conditions" 
is not recommended and extended exposure 
beyond the "Operating Conditions" may affect 
device reliability. 


Table 
2. SPGA Absolute 
Maximum 
Ratings 


Parameter 
Value 
Notes 


Case temperature 
under bias 
-65°C to 110°C 


Storage Temperature 
-65°C to 150°C 
I 


3.3 V Supply voltage 
with respect 
to Vss 
-0.5 V to +4.6 V 


3.1 V Supply voltage 
with respect 
to Vss 
-0.5 V to +4.1 V 


3.3 V Only Buffer DC Input Voltage 
-0.5 V to VCC3 + 0.5 V 
Not to exceed 
4.6 V (1) 


5 V Safe Buffer DC Input Voltage 
-0.5 V to +6.5 V 
(2)(3) 


NOTES: 


1. 
Applies 
to all SPGA Pentium 
processor 
with VRT inputs except ClK. 


2. 
Applies 
to ClK. 


3. 
See Table 4. 
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4.3 
DCSpecifications 
TTL levels. the CLK input is compatible with existing 
5 V clock drivers. The power dissipation specification in 
Table 6 is provided for the design of thermal solutions 
during operation at a sustained maximum level. This is the 
worst-case power the device would dissipate in a system 
for a sustained period of time. This number is used for 
design of a thermal solution for the device. 


Tables 3. 4. and 5 list the DC specifications that apply to 
the SPGA Pentium processor with VRT. The SPGA 
Pentium processor with VRT core operates at 3.1 V 
internally while the VO interface operates at 3.3 V. The 
CLK input may be at 3.3 V or 5 V. Since the 3.3 V (5 V 
safe) input levels defined in Table 4 are the same as 5 V 


Table 3. SPGA 3.3 V DC Specifications 
TCASE = 0 to 85°C; VCC2 = 3.1 V:I: 165 mY; 
VCC3 = 3.3 V:I: 165 mV 


Symbol 
Parameter 
Mln 
Max 
Unit 
Notes 


V1L3 
Input Low Voltage 
-0.3 
0.8 
V 
TTL Level (1) 


V1H3 
Input High Voltage 
2.0 
VCC3 + 0.3 
V 
TTL Level (1) 


VOL3 
Output Low Voltage 
0.4 
V 
TTL Level (1)(2) 


VOH3 
Output 
High Voltage 
2.4 
V 
TTL Level (1)(3) 


Power Supply Current from 3.1 V core supply 
2500 
mA 
@120 MHz (4) 
ICC2 
2775 
mA 
@133 MHz (4) 


ICC3 
Power Supply Current from 3.3 V I/O buffer 
320 
mA 
@120 MHz (4) 


supply 
355 
mA 
@133 MHz (4) 


NOTES: 


1. 
3.3 V TTL level apply to all signals except CLK. 


2. 
Parameter 
measured 
at 4 mA. 


3. 
Parameter 
measured 
at 3 mA. 


4. 
This value should be used for power supply design. 
It was estimated 
for a worst-case 
instruction 
mix 
and VCC2 = 3.1 V ± 165 mV and VCC3 = 3.3 V ±165 mY. Power supply transient 
response 
and 
decoupling 
capacitors 
must be sufficient 
to handle the instantaneous 
current 
changes 
occurring 
dur- 


ing transitions 
from stop clock to full active modes. 


Table 
4. 3.3 V (5 V safe) DC Specifications 


Symbol 
Parameter 
Mln 
Max 
Unit 
Notes 


V1L5 
Input Low Voltage 
-0.3 
0.8 
V 
TTL Level (1) 


V1H5 
Input High Voltage 
2.0 
5.55 
V 
TTL Level (1) 


NOTE: 


1. Applies 
to eLK only. 
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Table 
5. Input 
and Output 
Characteristics 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


CIN 
Input Capacitance 
15 
pF 
(1) 


Co 
Output Capacitance 
20 
pF 
(1) 


CI/O 
I/O Capacitance 
25 
pF 
)' 
(1) 


CCLK 
ClK 
Input Capacitance 
15 
pF 
(1) 


CTIN 
Test Input Capacitance 
15 
pF 
(1) 


CTOUT 
Test Output 
Capacitance 
20 
pF 
(1) 


CTCK 
Test Clock Capacitance 
15 
pF 
(1) 


III 
Input leakage 
Current 
±15 
IJA 
0< 
VIN < VCC3 (2) 


ILO 
Output leakage 
Current 
.±15 
IJA 
0< VIN <VCC3 (2) 


IIH 
Input leakage' 
Current 
200 
IJA 
VIN = 2.4 V (3) 


IlL 
Input leakage 
Current 
400 
IJA 
VIN = 0.4 V (4) 


NOTES: 


1. 
Guaranteed 
by design. 


2. 
This parameter 
is for input without 
pull up or pull down. 


3. 
This parameter 
is for input with pull down. 


4. 
This parameter 
is for input with pull up. 


Table 
6. 
Power 
Dissipation 
Requirements 
for Thermal 
Solution 
Design 


Parameter 
Typical(l) 
Max(2) 
Unit 
Notes 


2.5 - 3.5 
7.1 
Watts 
@120MHz 
Thermal 
Design Power (Typ) 
3.0 - 4.0 
7.9 
Watts 
@133 MHz 


Stop Grant and Auto Halt Powerdown 
Power Dissipation 
1.2 
Watts 
@120MHz 
(3) 


1.3 
Watts 
@133 MHz (3) 


Stop Clock Power Dissipation 
0.02 
0.05 
Watts 
(4) 


NOTES: 


1. 
This is typical 
power dissipation 
in a system. 
This value is the average 
value measured 
in a system 
using a typical device at VCC2= 3.1 V and VCC3 = 3.3 V running typical applications. 
This value is 
highly dependent 
upon a specific 
system 
configuration. 


2. 
Systems 
must be designed 
to thermally 
dissipate 
the maximum 
thermal 
design power (typ). It is 
determined 
using a worst case instruction 
mix with VCC2= 3.1 V and VCC3= 3.3 V. The use of nom- 
inal VCC in this measurement 
takes into account 
the thermal 
time constant 
of the package. 


3. 
Stop Grant/Auto 
Halt Powerdown 
Power Dissipation 
is determined 
by asserting 
the STPClK# 
pin or 
executing 
the HALT instruction. 


4. 
Stop Clock Power Dissipation 
is determined 
by asserting 
the STPClK# 
pin and then removing 
the 
external 
ClK 
input. 
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4.4 
AC Specifications 


The AC specifications 
of the SPGA 
Pentium 
processor 
with VRT consist 
of setup times, 
hold times, 
and valid 
delays 
at 0 pF. All SPGA 
Pentium 
processor 
with VRT 
AC specifications 
are valid for VCC2 = 3.1 V ±165 mY, 


and TCASE = 0 to 85DC. 


For the AC timing changes for the Pentium processor 
with 
VRT 
(60 MHz and 66 MHz bus operations) 
refer to the 
Pentium® 
Processor 
with Voltage Reduction 
Technology 
Datasheet. 


4.5 
Thermal Specifications 


The SPGA 
Pentium 
processor 
with VRT is specified 
for 
proper operation 
when the case temperature 
TCASE (TC) is 
within the specified range of ODCto 85DC. 


4.6 
SPGAPackageDifferences 


The SPGA Pentium 
processor 
with VRT has a pin array 
that is mechanically 
identical 
to the SPGA version 
of the 
3.3 V Pentium, 
but some pins are connected 
differently. 
Also, 
there 
are 
small 
differences 
in 
the 
package 
dimensions. 
Refer 
to 
the 
Pentium® 
Processor 
with 
Voltage Reduction 
Technology 
Datasheet 
for these differ- 
ences. 


4.7 
I/O Buffer Models 


The 
I/O buffer 
models 
of the Pentium 
processor 
with 
VRT (both TCP and SPGA) differ from that of the 3.3 V 
Pentium 
processor. 
Refer to the Pentium® Processor 
with 
Voltage 
Reduction 
Technology 
Datasheet. 
Also, 
the 
capacitance 
(Cp) and inductance 
(Lp) parameter 
values 
differ between 
the two packages 
(TCP and SPGA) for the 
Pentium 
processor 
with 
VRT. 
For 
SPGA 
Pentium 
processors 
with 
VRT 
values, 
refer 
to 
the 
Pentium® 
Processor 
Family 
Developer's 
Manual, 
Volume 
1: 


Pentium® Processors. 


intet 


5.0 
Design Considerations 


Designing 
a system that uses the Pentium 
processor 
with 
VRT and the Intel430HX 
PClset is similar to designing 
a 
single-processor, 
3.3 V Pentium 
processor-based 
system, 


but without 
using the Advanced 
Programmable 
Interrupt 
Controller 
(APIC). The considerations 
for designing 
with 
the Pentium 
processor 
with VRT 
and the Intel 430HX 
PClset are described 
below. 


5.1 
Powerand Ground 


For clean on-chip 
power distribution, 
the SPGA Pentium 
processor 
with VRT has 25 VCC2 (3.1 V power), 28 V CC3 


(3.3 V power) 
and 53 Vss (ground) 
inputs. 
Power 
and 
ground 
connections 
must be must made 
to all external 
VCC2' VCC3 and Vss pins of the SP_GAPentium processor 
with VRT. On the circuit 
board 
all VCC2 pins must be 
connected 
to a 3.1 V VCC2 plane (or island) and all VCC3 


pins must be connected 
to a 3.3 V VCC3 plane. 
All Vss 


pins must be connected 
to a VSS plane. 


5.2 
Power Sequencing 


There is no specific sequence 
required 
for powering 
up or 
powering 
down 
the 
VCC2 
and 
VCC3 power 
supplies. 


However, 
for compatibility 
with future 
processors, 
it is 


recommended 
that the VCC2 and VCC3 power supplies 
be 


either both on or both off within one second of each other. 


5.3 
Decoupling Recommendations 


Transient 
power 
surges 
can 
occur 
as the 
processor 
is 


executing 
instruction 
sequences 
or driving large loads. To 


mitigate 
these 
high 
frequency 
transients, 
liberal 
high' 


frequency 
decoupling 
capacitors 
should 
be placed 
near 
the processor. 
Low inductance 
capacitors 
and intercon- 
nects 
are 
recommended 
for 
best 
high 
frequency 
and 
electrical 
performance. 
Inductance 
can 
be reduced 
by 


shortening 
circuit board traces between 
the processor 
and 
decoupling 
capacitors 
as 
much 
as 
possible. 
These 
capacitors 
should 
be 
evenly 
distributed 
around 
each 
component 
on the 3.3 V plane 
and the 3.1 V plane 
(or 


island). Capacitor 
values should be chosen to ensure that 
they 
eliminate 
both 
low 
and 
high 
frequency 
noise 


components. 
Power transients 
also occur as the processor 
rapidly transitions 
from a low level of power consumption 
to a much higher level (or high to low power). 
A typical 
example would be entering or exiting the Stop Grant state. 
Another example would be executing 
a HALT instruction, 
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causing 
the 
processor 
to 
enter 
the 
Auto 
HALT 
Powerdown 
state. 
Such 
occurrences 
may 
cause 
abrupt 


changes 
in the power being consumed 
by the processor. 


Note that the Auto HALT Powerdown 
feature 
is always 


enabled even when other power management 
features 
are 


not implemented. 


Bulk storage capacitors 
with a low ESR (Effective 
Series 
Resistance) 
in the 10 J.IFto 100 J.IFrange are required 
to 


maintain 
a regulated 
supply 
voltage 
during 
the interval 
between 
when 
the current 
load 
changes 
and when 
the 
regulated 
power supply output can react to the change 
in 
load. In order to reduce the ESR, it may be necessary 
to 
place 
several 
bulk storage 
capacitors 
in parallel. 
These 


capacitors 
should 
be placed 
near the processor 
(on the 


3.3 V plane and the 3.1 V plane or island) to ensure that 
these supply 
voltages 
stay within 
specified 
limits during 


changes in the supply current during operation. 


For 
more 
detailed 
information, 
please 
refer 
to 
the 


Pentium® Processor 
with Voltage Reduction 
Technology: 


Power Supply Design 
Considerations 
for Mobile Systems 


Application 
Note. 
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5.4 
Connection Specifications 


All NC (No Connect) 
pins must remain unconnected 
and 
all 
RESERVED 
pins 
must 
remain 
unconnected. 
For 
reliable 
operation, 
always 
connect 
unused 
inputs 
to an 
appropriate 
signal level. Unused active low inputs should 
be connected 
to VCC3 and 
unused 
active 
high 
inputs 


should be connected 
to ground. 


6.0 
Related Information 


Intel offers 
a variety 
of information 
through 
the World 
Wide Web at http://www.intel.com. 


To order printed Inte} literature, 
contact: 


Intel Corporation 
Literature 
Fulfillment 
P.O.Box 7641 
Mt. Prospect, 
IL 60056-7641 
1-800-548-4725 


Document 
Name 
Intel Order 
\ 


Number 


Pentium@ Processor 
Family Developer's 
Manual, 
Volume 1: Pentium@ Processors 
241428 


Pentium@ Processor 
Family Developer's 
Manual, 
Volume 3: Architecture 
and 
241430 
Programming 
Manual 


Pentium@ Processor 
with Voltage Reduction 
Technology: 
Power Supply Design 
Consid- 
242558 
erations 
for Mobile Systems 
Application 
Note 


Pentium@ Processor 
Specification 
Update 
242480 


Pentium@ Processor 
with Voltage Reduction 
Technology 
Datasheet 
242557 


Intel 430HX 
PClset 
Datasheet 
290551 


Intel 430HX PClset 
82439HX 
System 
Controller 
(TXC) Timing Specification 
272945 


Intel 430HX PClset 82371sa PCIISA 
IDE Xcelerator 
(PIIX3) Timing Specification 
272963 


Intel 430HX PClset 
Specification 
Update 
297652 


Intel 430HX PClset 
Design Guide 
297467 


82371 Fa (PI/X) and 82371sa 
(PIIX3) PCIISA 
IDE Xcelerator 
Datasheet 
290550 


Intel82371Sa 
(PI/X3) Specification 
Update 
297658 
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1.0 
Introduction 


This application 
note explains the advantages 
of using the 


82371 SB PCI ISA IDE Xcelerator 
(PIIX3) 
in embedded 


designs 
that 
use the Intel 430HX 
PCIset. 
It highlights 


some of the important 
functions 
and features of the PIIX3 


and addresses 
some 
of the design 
considerations 
when 


eliminating 
the PIIX3 from an embedded 
design. 


2.0 
Intel 430HX PClset Overview 


The Intel 430HX PCIset consists of the 82439HX 
System 


Controller 
(TXC) 
and 
the 
82371SB 
PCI 
ISA 
IDE 


Xcelerator 
(PIIX3). The TXC is a single-chip 
host-to-PCI 


bridge 
and provides 
the second-level 
cache 
control 
and 


DRAM 
control 
functions. 
The second-level 
(L2) cache 


controller 
supports 
a write-back 
cache 
policy 
for cache 


sizes of 256 Kbytes and 512 Kbytes. The cache controller 
also supports 
cache less designs. 
The cache 
memory 
is 
implemented 
with synchronous 
pipelined 
burst SRAMs. 


An external 
Tag RAM is used for the address tag and an 


internal Tag RAM is used for the cache line status bits. 


The TXC provides 
a 64n2-bit 
data path to main memory 


and 
memory 
sizes 
up 
to 
512 
Mbytes. 
The 
DRAM 


controller 
provides 
eight rows and optional 
DRAM error 


detection/correction 
or parity. 


The TXC's 
optimized 
PCI interface 
allows the processor 


to sustain the highest 
possible 
bandwidth 
to the graphics 


frame 
buffer 
at all frequencies. 
Using the snoop 
ahead 


feature, 
the TXC allows PCI masters 
to achieve 
full PCI 


bandwidth. 
For increased 
system 
performance, 
the TXC 


contains read prefetch 
and posted write buffers. 


The PIIX3 is a multi-function 
PCI device that implements 


a PCI-to-ISA 
bridge function and a PCI IDE function. The 


PIIX3 
also implements 
a Universal 
Serial 
Bus host/hub 


function. 


1998 PentiurrfiP Processor 
Databook 


3.0 
PIIX3 Features 


As 
a PCI-to-ISA 
bridge, 
the 
PIIX3 
integrates 
many 


common 
110 functions 
found in ISA-based 
PC systems. 


These 
include 
a seven-channel 
DMA 
controller, 
two 
82C59 
interrupt 
controllers, 
an 8254 timer 
counter, 
and 
power management 
support. 


In addition 
to compatible 
transfers, 
each DMA 
channel 
supports 
type 
F 
transfers. 
Edge/Level 
interrupts 
and 
interrupt 
steering 
are supported 
for PCI 
plug-and-play 
compatibility. 
The PIIX3 can be programmed 
to allow the 


PCI active low interrupts 
(PIRQ[D:Aj#) 
to be internally 


routed 
to one of II 
interrupts 
(IRQ[15,14,12:9,7:3j). 
In 
addition, 
the 
motherboard 
interrupt 
(MIRQO) 
can 
be 


routed to any of the 11 interrupts. 


The PIIX3 
supports 
two IDE connectors 
for up to four 


IDE devices, 
providing 
an interface 
for IDE hard disks 


and CD ROMs. 


The PIIX3 
contains 
a Universal 
Serial 
Bus (USB) 
host 


controller 
that is UHCI compatible. 
The host controller's 


root hub has two programmable 
UBS ports. 
The PIIX3 


can support a stand-alone 
110 APIC device on the ISA X- 
Bus, It provides 
the chip select signal (APICCS#) 
for the 
110 APIC and the handshake 
signals 
to maintain 
buffer 
coherency 
in the 110 APIC environment. 


The PIIX3 contains 
three counters 
that are equivalent 
to 
those 
found in the 82C54 
programmable 
interval 
timer. 


The three counters 
are contained 
in one PIIX3 timer unit, 


referred to as Timer-i. Each counter output provides 
a key 


system 
timer 
interrupt 
for a time-of-day, 
diskette 
time- 


out, or other system timing function. 
Counter 
I generates 


a refresh request 
signal and Counter 
2 generates 
the tone 
for the speaker. 


The PIIX3 has extensive 
power 
management 
capability, 


permitting 
a system 
to operate 
in a low 
power 
state 


without 
being 
powered 
down. 
The 
PIIX3 
can put 
the 


processor 
in a low power state by asserting 
the STPCLK# 
signal, 
which 
is an interrupt 
to the processor. 
Once the 


STPCLK# 
interrupt 
is executed, 
the processor 
enters the 
stop 
grant 
state. 
In this 
state, 
the 
processor's 
internal 


clocks are disabled and instruction 
execution 
is stopped. 
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the 
TXC. 
Therefore, 
the 
PIIX3, 
and 
related 
technical 


support, 
will be available 
as long as the 430HX PClset is 
available. 


4.0 
Designing without the PIIX3 


If the PIIX3 is not implemented 
with the 430HX 
PClset, 
several features 
that are typically 
supported 
by the PIIX3 
and that are required in certain embedded 
designs must be 
provided 
by other 
means. 
This section 
discusses 
some 
design 
considerations 
with 
two 
alternatives: 
using 
the 
Super 
1/0* 
Controller 
and 
using 
another 
PCI-to-ISA 
bridge. 


4.1 
USinga Super VO Controller 


Using 
a Super 
I/O Controller 
is not new to the design 
world, but using the Super I/O Controller 
in a design that 
does not have an ISA bus interface 
is new. Using a Super 
I/O Controller 
in this type of design raises many issues: 


The Super I/O Controller 
must be interfaced 
with the 
PCI bus. This type 
of Super 
I/O Controller 
is not 
common 
in the market. 
A standard 
ISA Super 
110 
Controller 
can be used but requires additional 
logic to 
interface to the PCI bus. 


Most of the Super 
110 Controllers 
do not have the 
interrupt, 
DMA, 
and !DE controllers 
and/or 
a timer 
counter. Separate devices may have to be added to the 
design. 


A PCI-to-Flash 
controller 
must be provided 
to access 
boot ROM code. 


A special software 
interface must be implemented 
for 
utilizing 
the processor's 
power management 
capabil- 
ities 
and 
handling 
the 
processor 
interface 
signals, 
such 
as different 
types 
of resets, 
NMI, 
and 
SMI# 
signals. 


menting this type of design include: 


The PCI-to-ISA 
bridge timing specifications 
must be 


compatible 
with 
those 
of 
the 
PIIX3 
to 
enable 


interfacing 
with the TXC. 


The 
availability 
of 
the 
new 
bridge 
may 
not 
be 


guaranteed 
for long-term 
embedded 
support. 


Intel cannot be responsible 
for the technical 
support 


of these types of designs. 


5.0 
Conclusion 


Using the PIIX3 in embedded 
designs that use the 430HX 


PClset 
makes 
the 
embedded 
design 
much 
easier 
to 


implement. 
Designing 
with the PIIX3 reduces the cost and 
embedded 
total number of components 
in the design. The 


PIIX3 will be available 
in the embedded 
market as long as 


the 430HX 
PClset 
is available. 
Intel 
recommends 
and 
supports using the complete 
430HX PClset. 
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